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Glvwlqjxlvklqj ehwzhhq fruuhodwlrq dqg fdxvdolw| lv wkh prvw gl!fxow fkdoohqjh idfhg e|
hpslulfdo uhvhdufkhuv lq wkh vrfldo vflhqfhv1 Vrfldo vflhqwlvwv uduho| duh lq d srvlwlrq wr gr d
zhoo frqwuroohg h{shulphqw1 Frqvhtxhqwo|/ wkh| uho| rq d sulrul uhvwulfwlrqv rq wkh sdwwhuqv
ri lqwhudfwlrq dprqj wkh yduldeohv wkdw duh revhuyhg ru xqrevhuyhg1 Wkhvh uhvwulfwlrqv
duh w|slfdoo| lq wkh irup ri h{foxvlrq uhvwulfwlrqv/ uhvwulfwlrqv rq wkh ixqfwlrqdo irup ri
wkh prgho/ uhvwulfwlrqv rq wkh glvwulexwlrq ri wkh xqrevhuyhg yduldeohv/ ru uhvwulfwlrqv rq
g|qdplf lqwhudfwlrqv1 Rffdvlrqdoo|/ wkh d sulrul uhvwulfwlrqv duh ghulyhg iurp d zlgho|
dffhswhg wkhru| ru duh vxssruwhg e| rwkhu vwxglhv wkdw kdg dffhvv wr d ulfkhu vhw ri gdwd1
Exw lq prvw fdvhv/ grxew uhpdlqv derxw wkh ydolglw| ri wkh lghqwli|lqj dvvxpswlrqv dqg wkh
lqihuhqfhv wkdw duh edvhg rq wkhp1
Uhvhdufk rq zkhwkhu Fdwkrolf vfkrrov surylgh ehwwhu hgxfdwlrq wkdq sxeolf vfkrrov sur0
ylghv d jrrg looxvwudwlrq ri wkh gl!fxowlhv1 Wklv txhvwlrq lv dw wkh fhqwhu ri wkh ghedwh lq
wkh Xqlwhg Vwdwhv ryhu zkhwkhu yrxfkhuv/ fkduwhu vfkrrov/ dqg rwkhu uhirupv wkdw lqfuhdvh
fkrlfh lq hgxfdwlrq zloo lpsuryh wkh txdolw| ri hgxfdwlrq1 Lw lv dovr kljko| uhohydqw wr
wkh vhdufk iru zd|v wr lpsuryh whdfklqj dqg jryhuqdqfh ri sxeolf vfkrrov1 Vlpsoh furvv
wdexodwlrqv ru pxowlyduldwh uhjuhvvlrqv ri rxwfrphv vxfk dv whvw vfruhv dqg srvw vhfrqgdu|
hgxfdwlrqdo dwwdlqphqw w|slfdoo| vkrz d vxevwdqwldo srvlwlyh h￿hfw ri Fdwkrolf vfkrro dwwhq0
gdqfh14 Krzhyhu/ pdq| surplqhqw vrfldo vflhqwlvwv/ vxfk dv Jrogehujhu dqg Fdlq +4<;5,/
kdyh dujxhg wkdw wkh srvlwlyh h￿hfwv ri Fdwkrolf vfkrro dwwhqgdqfh pd| eh gxh wr vsxul0
rxv fruuhodwlrqv ehwzhhq Fdwkrolf vfkrro dwwhqgdqfh dqg xqrevhuyhg vwxghqw dqg idplo|
fkdudfwhulvwlfv1 Wkh dujxphqw ehjlqv zlwk wkh revhuydwlrq wkdw lw frvwv sduhqwv wlph dqg
prqh| wr vhqg wkhlu fkloguhq wr sulydwh vfkrro1 Lq wkh devhqfh ri h{shulphqwdo gdwd/ wkh
fkdoohqjh lq dgguhvvlqj wklv srwhqwldoo| odujh eldv lv ￿qglqj h{rjhqrxv yduldwlrq wkdw d￿hfwv
vfkrro fkrlfh exw qrw rxwfrphv1 Prvw vwxghqw edfnjurxqg fkdudfwhulvwlfv wkdw lq xhqfh
wkh Fdwkrolf vfkrro ghflvlrq/ vxfk dv lqfrph/ dwwlwxghv/ dqg hgxfdwlrq ri wkh sduhqwv/ duh
olnho| wr lq xhqfh rxwfrphv lqghshqghqwo| ri wkh vfkrro vhfwru ehfdxvh wkh| duh olnho| wr eh
uhodwhg wr rwkhu sduhqwdo lqsxwv1 Fkdudfwhulvwlfv ri sulydwh dqg sxeolf vfkrrov wkdw lq xhqfh
fkrlfh/ vxfk dv wxlwlrq ohyhov/ vwxghqw erg| fkdudfwhulvwlfv/ ru vfkrro srolflhv/ duh olnho| wr
4Wkh prvw lq xhqwldo h{dpsohv duh Frohpdq/ Kr￿hu/ dqg Nlojruh +4<;5, dqg Frohpdq dqg Kr￿hu +4<;:,1
Rwkhu hduo| h{dpsoh h{dpsohv ri vwxglhv ri Fdwkrolf vfkrrov dqg rwkhu sulydwh vfkrrov duh Qrhoo +4<;5,/
Jrogehujhu dqg Fdlq +4<;5,/ dqg Doh{dqghu dqg Sdoodv +4<;8,1 Uhfhqw vwxglhv lqfoxgh Hydqv dqg Vfkzde
+4<<8,/ W|ohu +4<<7,/ Qhdo +4<<:,/ Jurjjhu dqg Qhdo +4<<<,/ Iljolr dqg Vwrqh +5333,/ Vdqghu +5333, dqg
Mhsvhq +5333,1 Pxuqdqh +4<;7,/ Zlwwh +4<<5,/ Fkxee dqg Prh +4<<3,/ Frrnvrq +4<<6, dqg Qhdo +4<<;,
surylgh ryhuylhzv ri wkh glvfxvvlrq dqg uhihuhqfhv wr wkh olwhudwxuh1 Jurjjhu dqg Qhdo surylgh flwdwlrqv wr
d vpdoo h{shulphqwdo olwhudwxuh/ zklfk iru wkh prvw sduw kdv irxqg srvlwlyh h￿hfwv ri Fdwkrolf vfkrro1
4eh uhodwhg wr wkh h￿hfwlyhqhvv ri wkh vfkrrov1
Vhyhudo uhfhqw vwxglhv/ lqfoxglqj Hydqv dqg Vfkzde +4<<8,/ Qhdo +4<<:,/ Jurjjhu dqg
Qhdo +4<<<,/ Iljolr dqg Vwrqh +4<<<, dqg Dowrqml/ Hoghu dqg Wdehu +4<<<, xvh ydulrxv h{0
foxvlrq uhvwulfwlrqv wr hvwlpdwh wkh Fdwkrolf vfkrro h￿hfw rq d ydulhw| ri rxwfrphv1 Hydqv
dqg Vfkzde +4<<8, xvh uholjlrxv d!oldwlrq dv dq h{rjhqrxv vrxufh ri yduldwlrq lq Fdwkrolf
vfkrro dwwhqgdqfh dqg frq￿up wkh odujh srvlwlyh hvwlpdwhv ri Fdwkrolf vfkrro h￿hfwv rq
kljk vfkrro judgxdwlrq dqg froohjh dwwhqgdqfh wkdw wkh| rewdlq zkhq Fdwkrolf vfkrro dw0
whqgdqfh lv wuhdwhg dv h{rjhqrxv1 Krzhyhu/ dv Hydqv dqg Vfkzde uhfrjql}h dqg Pxuqdqh
hw do +4<;8, dqg Qhdo +4<<:, qrwh/ ehlqj Fdwkrolf frxog zhoo eh fruuhodwhg zlwk fkdudfwhu0
lvwlfv ri wkh qhljkerukrrg dqg idplo| wkdw lq xhqfh wkh h￿hfwlyhqhvv ri vfkrrov1 Dqrwkhu
lq xhqwldo sdshu e| Qhdo +4<<:, xvhv sur{lhv iru jhrjudsklf sur{lplw| wr Fdwkrolf vfkrrov
dv dq h{rjhqrxv vrxufh ri yduldwlrq lq Fdwkrolf kljk vfkrro dwwhqgdqfh1 Wkh edvlf dvvxps0
wlrq lv wkdw wkh orfdwlrq ri Fdwkrolfv dqg2ru Fdwkrolf vfkrrov zdv ghwhuplqhg e| klvwrulfdo
flufxpvwdqfhv dqg lv lqghshqghqw ri xqrevhuydeohv wkdw lq xhqfh shuirupdqfh lq vfkrrov1
Kh ￿qgv hylghqfh ri d srvlwlyh h￿hfw ri Fdwkrolf kljk vfkrro dwwhqgdqfh rq kljk vfkrro dqg
froohjh judgxdwlrq dprqj vwxghqwv lq xuedq duhdv/ sduwlfxoduo| lq wkh fdvh ri qrqzklwhv1
Lq Dowrqml/ Hoghu dqg Wdehu +4<<<,/ zh hpsor| d vlplodu phwkrgrorj| xvlqj gdwd rq }ls
frgh ri uhvlghqfh dqg wkh }ls frghv ri doo ri wkh Fdwkrolf kljk vfkrrov lq wkh frxqwu| wr
frpsxwh d phdvxuh ri glvwdqfh iurp wkh qhduhvw Fdwkrolf kljk vfkrro iru rxu vdpsohv1 Zh
frqfoxgh wkdw wkh xvh ri orfdwlrq ru orfdwlrq lqwhudfwhg zlwk uholjlrq lv qrw d jrrg zd| wr
hvwlpdwh Fdwkrolf vfkrro h￿hfwv15 Jurjjhu dqg Qhdo +5333, frph wr d vlplodu frqfoxvlrq16
Dowrqml/ Hoghu/ dqg Wdehu +4<<<, dovr ￿qg wkdw Fdwkrolf uholjlrq kdv d vwurqj dvvrfldwlrq
zlwk judgxdwlrq udwhv iru vwxghqwv zkr dwwhqghg sxeolf hljkwk judghv hyhq wkrxjk vxfk
vwxghqwv uduho| dwwhqg Fdwkrolf kljk vfkrro1 Wklv hylghqfh dqg uhfhqw zrun e| Oxgzlj
+4<<:, udlvhv vhulrxv grxewv derxw wkh ydolglw| ri Fdwkrolf uholjlrq dv dq lqvwuxphqw1
5Zh surylgh hylghqfh edvhg rq olqnv wr revhuyhg yduldeohv dqg wr hljkwk judgh whvw vfruhv wkdw vxjjhvwv
wkdw qhlwkhu glvwdqfh iurp Fdwkrolf kljk vfkrrov qru wkh lqwhudfwlrq ehwzhhq glvwdqfh dqg uholjlrq vkrxog
eh h{foxghg iurp wkh rxwfrph htxdwlrqv xqohvv ghwdlohg frqwurov iru orfdwlrq duh lqfoxghg1 +Wklv lqirupdo
xvh ri revhuydeohv dv d jxlgh wr fruuhodwlrq ehwzhhq wkh lqvwuxphqw dqg wkh xqrevhuydeohv ohdg wr wkh
fxuuhqw sdshu1, Idloxuh wr frqwuro iru wkhvh idfwruv ohdgv wr qhjdwlyh eldvhv lq hvwlpdwhv ri Fdwkrolf vfkrro
h￿hfwv1 Xqiruwxqdwho|/ lqfoxglqj ghwdlohg jhrjudsklf frqwurov +vxfk dv 6 gljlw }ls frgh, ohdgv wr yhu| odujh
vwdqgdug huuruv1 Zh dovr iroorz Qhdo +4<<:, dqg Hydqv dqg Vfkzde +4<<8, e| xvlqj elyduldwh surelw prghov
wr mrlqwo| hvwlpdwh wkh Fdwkrolf Vfkrro ghflvlrq zlwk wkh rxwfrphv1 Zh ￿qg wkdw hpslulfdo lghqwl￿fdwlrq
frphv odujho| iurp wkh ixqfwlrqdo irup ri wkh prgho udwkhu wkdq h{foxvlrq ri wkh phdvxuh ri glvwdqfh iurp
Fdwkrolf vfkrrov1 Qrqolqhdulwlhv lq wkh h￿hfwv ri vwxghqw edfnjurxqg udwkhu wkdq sur{lhv iru glvwdqfh iurp
Fdwkrolf vfkrrov vhhp wr eh wkh pdlq vrxufh ri lghqwl￿fdwlrq1
6Jurjjhu dqg Qhdo +5333, xvh QHOV=;;/ wkh gdwd vhw iru wkh suhvhqw vwxg|1 Dowrqml/ Hoghu dqg Wdehu
+4<<<, dqdo|}h QHOV=;; dqg wkh Qdwlrqdo Orqjlwxglqdo Vxuyh| ri wkh Kljk Vfkrro Fodvv ri 4<:51 Qhdo
+4<<:, xvhv wkh Qdwlrqdo Orqjlwxglqdo Vxuyh| ri \rxwk/ 4<:<1
5Lq wklv sdshu zh pdnh wzr frqwulexwlrqv1 Wkh ￿uvw lv wr ghyhors hvwlpdwlrq vwudwhjlhv
wkdw pd| eh xvhg zkhq vwurqj sulru lqirupdwlrq lv xqdydlodeoh uhjduglqj wkh h{rjhqhlw|
ri hlwkhu wkh yduldeoh ri lqwhuhvw ru lqvwuxphqwv iru wkdw yduldeoh1 Zh ylhz wklv wr eh wkh
vlwxdwlrq lq vwxglhv ri Fdwkrolf vfkrro h￿hfwv dqg lq wkh ydvw pdmrulw| ri dssolfdwlrqv lq
hfrqrplfv dqg wkh rwkhu vrfldo vflhqfhv1 Wkh vhfrqg lv wr xvh rxu vwudwhj| wr dvvhvv wkh
h￿hfwlyhqhvv ri Fdwkrolf vfkrrov1
Rxu dssurdfk wr hvwlpdwlrq lv edvhg rq wkh lghd ri xvlqj wkh ghjuhh ri vhohfwlrq rq
revhuydeohv dv d jxlgh wr krz pxfk vhohfwlrq wkhuh lv rq wkh xqrevhuydeohv1 Lw lv urxwlqh
iru uhvhdufkhuv wr lqirupdoo| dujxh iru wkh h{rjhqhlw| ri phpehuvkls lq d ￿wuhdwphqw jurxs￿
ru ri dq lqvwuxphqwdo yduldeoh e| h{dplqlqj wkh uhodwlrqvkls ehwzhhq jurxs phpehuvkls ru
wkh lqvwuxphqwdo yduldeoh dqg d vhw ri revhuyhg fkdudfwhulvwlfv/ ru e| dvvhvvlqj zkhwkhu srlqw
hvwlpdwhv duh vhqvlwlyh wr wkh lqfoxvlrq ri dgglwlrqdo frqwuro yduldeohv17 Zh surylgh d irupdo
dqdo|vlv frq￿uplqj wkh lqwxlwlrq wkdw vxfk hylghqfh fdq eh lqirupdwlyh lq vrph vhwwlqjv1
Pruh lpsruwdqwo|/ zh surylgh d zd| wr txdqwlwdwlyho| dvvhvv wkh ghjuhh ri hvwlpdwlrq eldv
wkdw lv olnho| zkhq d sduwlfxodu vrxufh ri yduldwlrq lv xvhg wr lghqwli| d prgho18
Qrw vxusulvlqjo|/ wkh hpslulfdo uhohydqfh ri xvlqj wkh olqn ehwzhhq wkh hqgrjhqrxv
yduldeoh dqg wkh revhuydeohv dv d jxlgh wr wkh olqn zlwk wkh xqrevhuydeohv klqjhv rq krz
wkh revhuydeohv dqg xqrevhuydeohv duh uhodwhg1 Zh pdnh wkh wkhruhwlfdo srlqw wkdw sulru
lqirupdwlrq derxw krz wkh revhuydeohv duh fkrvhq iurp wkh ixoo vhw ri idfwruv wkdw ghwhuplqh
wkh rxwfrph fdq eh xvhg wr lghqwli| dq hfrqrphwulf prgho1 Vshfl￿fdoo|/ zh frqvlghu wkh
fdvh lq zklfk wkh revhuyhg yduldeohv duh d udqgrp vxevhw ri wkh idfwruv wkdw lq xhqfh
wkh hqgrjhqrxv yduldeoh dqg wkh rxwfrph1 Xvlqj rxu Fdwkrolf vfkrrov dssolfdwlrq/ ohw wkh
rxwfrph t eh ghwhuplqhg e|
t ’ k￿M n ‘
￿K c +414,
zkhuh ￿M lv dq lqglfdwru iru zkhwkhu wkh vwxghqw dwwhqgv d Fdwkrolf kljk vfkrro/ ‘ lv d
yhfwru frqwdlqlqj wkh ixoo vhw ri rwkhu yduldeohv wkdw lq xhqfh t /d q gk dqgK duh frh!flhqwv1
Ohw f uhsuhvhqw wkh revhuyhg frpsrqhqwv ri ‘ dqg ￿ eh wkh dvvrfldwhg frpsrqhqwv ri K1
Wkhq rqh pd| uhzulwh wkh deryh htxdwlrq dv
7Vhh iru h{dpsoh/ Fxuulh dqg Gxqfdq +4<<8,/ Hqjhq hw do +4<<9,/ Srwhued hw do +4<<7,/ Dqjulvw dqg
Hydqv +4<<;,/ Mdfrevhq hw do1 +4<<<,/ Eurqduv dqg Jurjjhu +4<<7,/ dqg Xgu| +4<<;,1
8Wzr suhfxuvruv wr rxu vwxg| duh Dowrqml*v +4<;;, vwxg| ri wkh lpsruwdqfh ri revhuyhg dqg xqrevhuyhg
idplo| edfnjurxqg dqg vfkrro fkdudfwhulvwlfv lq wkh vfkrro vshfl￿f yduldqfh ri hgxfdwlrqdo rxwfrphv dqg
hvshfldoo| Pxusk| dqg Wrsho*v +4<<3, vwxg| ri wkh lpsruwdqfh ri vhohfwlrq rq xqrevhuyhg delolw| dv dq
h{sodqdwlrq iru lqgxvwu| zdjh gl￿huhqwldov1
6t ’ k￿M n f
￿￿ n 0/ +415,
zkhuh wkh yhfwru f lv revhuyhg e| wkh hfrqrphwulfldq dqg wkh lqgh{ 0 lv xqrevhuyhg1 Ohw
wkh olqhdu suhglfwlrq htxdwlrq iru ￿M eh
￿M ’ fq n ￿c +416,
zkhuh ￿ lv ruwkrjrqdo wr f e| gh￿qlwlrq ri q1 Zh vkrz wkdw li +l, wkh hohphqwv ri f duh
fkrvhq dw udqgrp iurp ‘ dqg +ll, wkh qxpehu ri hohphqwv lq erwk f dqg ‘ duh odujh dqg
qrqh ri wkh idfwruv grplqdwhv wkh glvwulexwlrq ri vfkrro fkrlfh ￿M ru wkh rxwfrph t /w k h q
wkh uhodwlrqvkls ehwzhhq wkh lqglfhv ri revhuydeohv lq wkh vfkrro fkrlfh htxdwlrq dqg wkh
rxwfrph htxdwlrqv zloo eh wkh vdph dv wkh uhodwlrqvkls ehwzhhq wkh lqglfhv ri xqrevhuydeohv
lq wkh wzr htxdwlrqv1 Wklv uhvxow lpsolhv wkdw wkh frh!flhqwv ri wkh olqhdu surmhfwlrq ri
vfkrro fkrlfh rq wkh lqglfhv ri revhuydeohv dqg xqrevhuydeohv wkdw ghwhuplqh wkh rxwfrph
duh htxdo1 Wkdw lv/
SurmE￿Mmf
￿￿c0￿’￿Sf
￿￿ n ￿S0￿ +417,
Zh fdoo wklv surshuw| htxdolw| ri vhohfwlrq rq wkh revhuydeohv dqg xqrevhuydeohv1 Zh vkrz
wkdw htxdolw| ri vhohfwlrq/ sulru nqrzohgjh derxw wkh vljq ri wkh eldv/ dqg dq dgglwlrqdo
frqglwlrq rq wkh uhodwlrqvkls dprqj wkh lqfoxghg dqg h{foxghg yduldeohv duh vx!flhqw wr
lghqwli| k1 Dq lpsruwdqw vshfldo fdvh ri wkdw frqglwlrq lv zkhq f lv xqfruuhodwhg zlwk
wkh rwkhu hohphqwv ‘1 Wklv vshfldo fdvh lv wkh vwdqgdug dvvxpswlrq lq hpslulfdo dqdo|vhv/
zklfk xvxdoo| wuhdw rqo| rqh ru wzr ri wkh h{sodqdwru| yduldeohv dv srwhqwldoo| hqgrjhqrxv/
exw lw qrw d qdwxudo dvvxpswlrq li rqh wklqnv ri wkh f yduldeohv dv d udqgrp vxevhw ri
wkh uhjuhvvruv1 Zkhq +414, dqg +416, duh wkh htxdwlrqv iru d odwhqw yduldeoh ￿MW dqg
￿M ’￿ E ￿MW : f￿c wkhq lq vrph fdvhv/ lqfoxglqj rxu dssolfdwlrq/ rxu uhvwulfwlrqv zloo
lghqwli| k/ zkloh lq rwkhuv wkh| duh rqo| vx!flhqw wr uhvwulfw k wr eh wkh urrw ri d fxelf
htxdwlrq1
Rshudwlrqdoo|/ zh hvwlpdwh wkh mrlqw prgho ri Fdwkrolf vfkrro dwwhqgdqfh dqg wkh rxw0







7zklfk zh vkrz lv htxlydohqw wr +417,1 Wklv htxdwlrq vd|v wkdw wkh frh!flhqw ri wkh uhjuhvvlrq
uhodwlqj wkh huuru whupv lq wkh htxdwlrqv iru Fdwkrolf vfkrro dwwhqgdqfh dqg wkh rxwfrph lv
htxdo wr frh!flhqw ri wkh uhjuhvvlrq uhodwlqj wkh lqgh{ ri revhuydeohv lq wkh Fdwkrolf vfkrro
dwwhqgdqfh htxdwlrq wr wkh lqgh{ ri revhuydeohv lq wkh rxwfrph htxdwlrq1 Vlplodu lghdv
fdq eh dssolhg wr ￿khwhurjhqhrxv h￿hfwv￿ prghov lq zklfk wkh ehqh￿wv ri Fdwkrolf vfkrro
dwwhqgdqfh dqg sxeolf vfkrro dwwhqgdqfh ydu| dfurvv vwxghqwv1
Zh surylgh d vlplodu hvwlpdwlrq phwkrg wkdw pd| eh xvhg zkhq dq h{foxghg yduldeoh
+h1j1/ Fdwkrolf uholjlrq ru sur{lplw| wr d Fdwkrolf vfkrro lq wkh Fdwkrolf vfkrrov olwhudwxuh,
lv xvhg wr lghqwli| d prgho/ exw wkhuh duh frqfhuqv derxw zkhwkhu lw lv vwulfwo| h{rjhqrxv1
Zh vkrz wkdw li wkh revhuydeohv duh d udqgrp vxevhw ri wkh yduldeohv wkdw ghwhuplqh wkh
rxwfrph/ wkhq wkh lqvwuxphqwdo yduldeoh zloo kdyh wkh vdph uhodwlrqvkls zlwk wkh uhjuhvvlrq
lqgh{ ri wkh revhuydeohv dqg wkh uhjuhvvlrq lqgh{ ri wkh xqrevhuydeohv1 Wklv frqglwlrq fdq
vrphwlphv eh xvhg wr lghqwli| k hyhq wkrxjk wkh lqvwuxphqwdo yduldeoh lv fruuhodwhg zlwk
wkh huuru whup lq wkh rxwfrph htxdwlrq1
Zh dovr sursrvh d uhodwhg exw pruh lqirupdo zd| wr xvh wkh uhodwlrqvkls ehwzhhq wkh
revhuydeohv dv d jxlgh wr hqgrjhqhlw| eldv1 Lw lv uhodwhg wr wkh frpprq sudfwlfh ri fkhfnlqj
iru d v|vwhpdwlf uhodwlrqvkls ehwzhhq ￿M dqg wkh phdq ri wkh hohphqwv ri f1 Zh frpsxwh
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T@ o Ef￿￿￿ c zklfk lv wkh qrupdol}hg vkliw lq wkh lqgh{ ri revhuydeohv lq wkh
rxwfrph htxdwlrq wkdw lv dvvrfldwhg zlwk ￿Mc dqg wkhq dvn krz pdq| wlphv odujhu wkh
qrupdol}hg vkliw lq wkh lqgh{ ri wkh xqrevhuydeohv
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T@ o E0￿ zrxog kdyh wr eh wr
h{sodlq dzd| wkh hqwluh hvwlpdwh ri k1 Wkh qxoo k|srwkhvlv wkdw ￿M lv xqeldvhg fruuhvsrqgv
wr wkh fdvh lq zklfk
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￿ +419,
Li vhohfwlrq rq xqrevhuydeohv pxvw eh vhyhudo wlphv vwurqjhu wkdq vhohfwlrq rq wkh revhuy0
deohv wr h{sodlq iru wkh hqwluh hvwlpdwh ri k/ wkhq wkh fdvh iru d fdxvdo h￿hfw ri Fdwkrolf
vfkrro lv vwuhqjwkhqhg1
Lq vhfwlrq 5 zh vhw wkh vwdjh iru wkh ghyhorsphqw ri rxu hfrqrphwulf phwkrgv lq vhfwlrq 6
e| surylglqj d vwdqgdug pxowlyduldwh dqdo|vlv ri wkh Fdwkrolf vfkrro h￿hfw xvlqj wkh Qdwlrqdo
Hgxfdwlrqdo Orqjlwxglqdo Vxuyh| ri 4<;; +QHOV=;;,1 Zh suhvhqw ghvfulswlyh vwdwlvwlfv
rq wkh uhodwlrqvkls ehwzhhq Fdwkrolf vfkrro dwwhqgdqfh dqg d eurdg udqjh ri revhuydeoh
phdvxuhv ri idplo| edfnjurxqg/ hljkwk judgh dfklhyhphqw/ hgxfdwlrqdo h{shfwdwlrqv/ vrfldo
ehkdylru/ dqg gholqtxhqf|1 Wkh ghvfulswlyh vwdwlvwlfv vkrz kxjh Fdwkrolf kljk vfkrro
8dgydqwdjhv lq kljk vfkrro judgxdwlrq dqg froohjh dwwhqgdqfh udwhv/ dqg vpdoohu rqhv lq
45wk judgh whvw vfruhv1 Krzhyhu/ wkh hylghqfh dfurvv wkh zlgh udqjh ri revhuydeohv/ zklfk
kdyh vxevwdqwldo h{sodqdwru| srzhu lq rxu rxwfrph htxdwlrqv/ vxjjhvwv idluo| vwurqj srvlwlyh
vhohfwlrq lqwr Fdwkrolf vfkrrov1 Zh dovr ￿qg wkdw wkh olqn ehwzhhq revhuydeohv dqg Fdwkrolf
kljk vfkrro dwwhqgdqfh lv pxfk zhdnhu dprqj fkloguhq zkr dwwhqghg Fdwkrolf hljkwk judgh1
Wr uhgxfh vdpsoh vhohfwlrq eldv dqg wr dyrlg frqirxqglqj wkh h￿hfw ri dwwhqglqj Fdwkrolf
kljk vfkrro zlwk wkh h￿hfw ri Fdwkrolf hohphqwdu| vfkrro/ zh xvh wkh Fdwkrolf hljkwk judgh
vdpsoh iru pxfk ri rxu dqdo|vlv/ xqolnh prvw suhylrxv vwxglhv1
Zh suhvhqw dq lqlwldo vhw ri uhjuhvvlrq dqg surelw prghov frqwdlqlqj ghwdlohg frqwurov iru
vwxghqw fkdudfwhulvwlfv wkdw duh ghwhuplqhg sulru wr kljk vfkrro1 Zh ￿qg d vpdoo srvlwlyh
h￿hfw rq 45wk judgh pdwk vfruhv/ dqg d }hur h￿hfw rq uhdglqj vfruhv1 Krzhyhu/ rxu
hvwlpdwhv ri wkh h￿hfw ri Fdwkrolf kljk vfkrro srlqw wr d yhu| odujh srvlwlyh h￿hfw ri 3148 rq
wkh suredelolw| ri dwwhqglqj d 7 |hdu froohjh 5 |hduv diwhu kljk vfkrro dqg 313; rq wkh kljk
vfkrro judgxdwlrq udwh1 Wkh hvwlpdwhv duh qrw yhu| vhqvlwlyh wr wkh dgglwlrq ri d srzhuixo
vhw ri frqwurov/ sduwlfxoduo| lq wkh fdvh ri wkh kljk vfkrro judgxdwh udwh1 Wkh lqvhqvlwlylw|
ri wkh uhvxowv wr wkh frqwurov dqg wkh ￿prghvw￿ dvvrfldwlrq ehwzhhq wkh revhuydeohv wkdw
ghwhuplqh wkh rxwfrph dqg Fdwkrolf kljk vfkrro vxjjhvwv wkdw sduw ri wkh hgxfdwlrqdo
dwwdlqphqw h￿hfw lv uhdo1 Krzhyhu/ wkh vpdoo srvlwlyh h￿hfwv rq pdwk whvw vfruhv frxog
hdvlo| eh dffrxqwhg iru e| srvlwlyh vhohfwlrq rq xqrevhuydeohv1
Lq vhfwlrq 6 dqg 7 zh ghyhors dqg wkhq dsso| rxu phwkrgv iru xvlqj wkh ghjuhh ri
vhohfwlrq rq revhuydeohv wr surylgh ehwwhu jxlgdqfh derxw eldv iurp vhohfwlrq rq xqrevhuy0
deohv1 Ehfdxvh kljk vfkrro rxwfrphv ghshqg rq pdq| yduldeohv wkdw duh ghwhuplqhg diwhu
wkh ghflvlrq wr dwwhqg Fdwkrolf kljk vfkrro lv pdgh/ vhohfwlrq rq xqrevhuydeohv wkdw d￿hfw
rxwfrphv lv olnho| wr eh zhdnhu wkdq vhohfwlrq rq revhuydeohv1 Frqvhtxhqwo|/ rxu hvwlpdwhv
ri d mrlqw prgho ri Fdwkrolf kljk vfkrro dwwhqgdqfh dqg hgxfdwlrqdo dwwdlqphqw vxemhfw wr
+418, duh olnho| wr ryhuvwdwh vhohfwlrq dqg xqghuvwdwh wkh Fdwkrolf vfkrro h￿hfw1 Wkh hvwl0
pdwh ri wkh h￿hfw ri Fdwkrolf vfkrro rq kljk vfkrro judgxdwlrq ghfolqhv iurp wkh xqlyduldwh
hvwlpdwh ri derxw 313;/ zklfk zh ylhz dv dq xsshu erxqg/ wr 313: zkhq zh lpsrvh htxdo
vhohfwlrq/ zklfk zh ylhz dv d orzhu erxqg/ dowkrxjk vdpsolqj huuru zlghqv wklv udqjh1 Wkh
hvwlpdwh ri wkh h￿hfw rq froohjh dwwhqgdqfh ghfolqhv iurp wkh xqlyduldwh hvwlpdwh ri 3148 wr
313: ru 3135/ ghshqglqj rq wkh ghwdlov ri wkh hvwlpdwlrq phwkrg1
Xvlqj +419, zh hvwlpdwh wkdw vhohfwlrq rq xqrevhuydeohv zrxog kdyh wr eh ehwzhhq
51:; dqg 715< wlphv vwurqjhu wkdq vhohfwlrq rq wkh revhuydeohv wr h{sodlq dzd| wkh hqwluh
Fdwkrolf vfkrro h￿hfw rq kljk vfkrro judgxdwlrq/ zklfk vhhpv kljko| xqolnho|1 Lw zrxog
9kdyh wr eh ehwzhhq 4163 dqg 5163 wr h{sodlq dzd| wkh hqwluh froohjh h￿hfw/ zklfk lv dovr
xqolnho|1 Krzhyhu/ pruh prghvw srvlwlyh vhohfwlrq rq wkh xqrevhuydeohv frxog h{sodlq dzd|
wkh hqwluh Fdwkrolf vfkrro h￿hfw rq pdwk vfruhv1 Zh frqfoxgh wkdw Fdwkrolf kljk vfkrro
dwwhqgdqfh vxevwdqwldoo| errvwv kljk vfkrro judgxdwlrq udwhv dqg/ pruh whqwdwlyho|/ froohjh
dwwhqgdqfh udwhv1
Lq vhfwlrq 8 zh h{whqg rxu dqdo|vlv wr d vxevdpsoh ri xuedq plqrulwlhv/ iru zkrp zh
rewdlq odujhu xqlyduldwh h￿hfwv exw dovr vwurqjhu hylghqfh ri vhohfwlrq1 Lq vhfwlrq 9 zh
surylgh frqfoxvlrqv dqg dq djhqgd iru ixuwkhu uhvhdufk rq wkh xvh ri revhuydeohv dv d jxlgh
wr vhohfwlrq eldv1
5 D Suholplqdu| Dqdo|vlv ri wkh Fdwkrolf Vfkrro Hi0
ihfw
Lq vhfwlrq 514 zh ghvfuleh wkh gdwd1 Lq vhfwlrq 515 zh suhvhqw wkh vdpsoh phdqv ri rxwfrphv/
phdvxuhv ri idplo| edfnjurxqg/ hljkwk judgh dfklhyhphqw/ vrfldo ehkdylru/ dqg gholqtxhqf|
dv d zd| ri dvvhvvlqj wkh srwhqwldo lpsruwdqfh ri vhohfwlrq eldv dqg wr prwlydwh wkh fkrlfh
ri vdpsoh1 Lq vhfwlrq 516 zh suhvhqw surelw dqg ROV uhjuhvvlrq hvwlpdwhv ri wkh Fdwkrolf
vfkrro h￿hfw zklfk vhuyh dv d ehqfkpdun iru rxu vxevhtxhqw dqdo|vlv1
514 Gdwd
Rxu gdwd vhw lv QHOV=;;/ d Qdwlrqdo Fhqwhu iru Hgxfdwlrq Vwdwlvwlfv +QFHV, vxuyh| zklfk
ehjdq lq wkh Vsulqj ri 4<;;1 Wkh edvh |hdu vdpsoh lv d wzr vwdjh vwudwl￿hg suredelolw|
vdpsoh lq zklfk d vhw ri vfkrrov frqwdlqlqj hljkwk judghv zhuh fkrvhq rq wkh edvlv ri vfkrro
vl}h dqg zkhwkhu wkh| zhuh fodvvl￿hg dv sulydwh ru sxeolf1 Lq wkh vhfrqg vwdjh/ dv pdq|
dv 59 hljkwk judgh vwxghqwv iurp zlwklq d sduwlfxodu vfkrro zhuh fkrvhq edvhg rq udfh
dqg jhqghu1 D wrwdo ri 4365 vfkrrov frqwulexwhg vwxghqw gdwd lq wkh edvh |hdu vxuyh|/
uhvxowlqj lq 57/8<< hljkwk judghuv sduwlflsdwlqj1 Vxevdpsohv ri wkhvh lqglylgxdov zhuh
uhlqwhuylhzhg lq 4<<3/ 4<<5/ dqg 4<<71 Wkh QFHV rqo| dwwhpswhg wr frqwdfw 53/395 edvh0
|hdu uhvsrqghqwv lq wkh ￿uvw dqg vhfrqg iroorz0xsv/ dqg rqo| 47/374 lq wkh 4<<7 vxuyh|1
Dgglwlrqdo revhuydwlrqv duh orvw gxh wr dwwulwlrq1
Wkh QHOV=;; frqwdlqv lqirupdwlrq rq d zlgh ydulhw| ri rxwfrphv/ lqfoxglqj whvw vfruhv
dqg rwkhu phdvxuhv ri dfklhyhphqw/ kljk vfkrro gursrxw dqg judgxdwlrq vwdwxv/ dqg srvw0
vhfrqgdu| hgxfdwlrq +lq wkh 4<<7 vxuyh| rqo|,1 Sduhqw/ vwxghqw/ dqg whdfkhu vxuyh|v lq wkh
edvh |hdu surylgh d ulfk vhw ri lqirupdwlrq rq idplo| dqg lqglylgxdo edfnjurxqg/ dv zhoo
dv suh0kljk vfkrro dfklhyhphqw/ ehkdylru/ dqg h{shfwdwlrqv ri vxffhvv lq kljk vfkrro dqg
:eh|rqg1 Hdfk vwxghqw zdv dovr dgplqlvwhuhg d vhulhv ri frjqlwlyh whvwv lq wkh 4<;;/ 4<<3/
dqg 4<<5 vxuyh|v wr dvfhuwdlq dswlwxgh dqg dfklhyhphqw lq pdwk/ vflhqfh/ uhdglqj/ dqg
klvwru|/ dqg wkh hyroxwlrq ri dfklhyhphqw wkurxjkrxw kljk vfkrro1 Zh xvh vwdqgdugl}hg
lwhp uhvsrqvh wkhru| +LUW, whvw vfruhv wkdw dffrxqw iru wkh idfw wkdw wkh gl!fxow| ri wkh
43wk dqg 45wk judgh whvwv wdnhq e| d vwxghqw ghshqgv rq wkh ;wk judgh vfruhv1 Zh xvh wkh
;wk judgh whvw vfruhv dv frqwuro yduldeohv dqg wkh 43wk dqg 45wk judgh uhdglqj dqg pdwk
whvwv dv rxwfrph phdvxuhv1
Zh dovr xvh kljk vfkrro judgxdwlrq dqg froohjh dwwhqgdqfh dv rxwfrph phdvxuhv1 Wkh
kljk vfkrro judgxdwlrq yduldeoh lv htxdo wr rqh li wkh uhvsrqghqw judgxdwhg kljk vfkrro e|
wkh gdwh ri wkh 4<<7 vxuyh|/ dqg }hur rwkhuzlvh19 Wkh ￿Froohjh dwwhqgdqfh￿ lqglfdwru lv
rqh li wkh uhvsrqghqw zdv hquroohg lq d irxu0|hdu xqlyhuvlw| dw wkh gdwh ri wkh 4<<7 vxuyh|
dqg }hur rwkhuzlvh1:
Wkh lqglfdwru yduldeoh iru Fdwkrolf kljk vfkrro dwwhqgdqfh/ ￿Mc lv rqh li wkh fxuuhqw ru
odvw vfkrro lq zklfk wkh uhvsrqghqw zdv hquroohg zdv Fdwkrolf dv ri 4<<3 +wzr |hduv diwhu
wkh hljkwk judgh |hdu, dqg }hur rwkhuzlvh1;
Zh hvwlpdwh prghov xvlqj d ixoo vdpsoh/ d Fdwkrolf hljkwk judgh vdpsoh/ dqg ydulrxv
rwkhu vxevdpsohv1 Zh dozd|v h{foxgh dssur{lpdwho| 733 uhvsrqghqwv zkr dwwhqghg qrq0
Fdwkrolf sulydwh kljk vfkrrov ru sulydwh/ qrq0Fdwkrolf hljkwk judghv1 Revhuydwlrqv zlwk
plvvlqj ydoxhv ri nh| hljkwk judgh ru jhrjudsklf frqwuro yduldeohv +vxfk dv glvwdqfh iurp wkh
qhduhvw Fdwkrolf kljk vfkrro, zhuh gursshg1 Vdpsoh vl}hv ydu| dfurvv ghshqghqw yduldeohv
ehfdxvh ri gdwd dydlodelolw| dqg duh suhvhqwhg lq wkh wdeohv1 Wkh vdpsolqj suredelolwlhv iru
wkh QHOV=;; iroorzxsv ghshqg rq fkrlfh ri sulydwh kljk vfkrro dqg wkh gursrxw ghflvlrq/
vr vdpsoh zhljkwv duh xvhg wr dyrlg eldv iurp d fkrlfh edvhg vdpsoh1 Xqohvv qrwhg/ wkh
9Zh rewdlq vlplodu uhvxowv xvlqj d ￿gurs rxw￿ gxpp| yduldeoh zklfk htxdov rqh li d vwxghqw gursshg
rxw ri kljk vfkrro e| 4<<5/ ru li wkh vwxghqw gursshg rxw ri kljk vfkrro e| 4<<3 dqg zdv qrw uhlqwhuylhzhg
lq 4<<5 ru 4<<7/ }hur rwkhuzlvh1 Wklv yduldeoh fdwfkhv gursrxwv zkr ohiw wkh vxuyh| e| 4<<3 dqg zhuh hlwkhu
gursshg iurp wkh vdpsoh ru zhuh qrquhvsrqghqwv1
:Rxu pdmru ￿qglqjv duh urexvw wr zkhwkhu ru qrw froohjh dwwhqgdqfh lv olplwhg wr 70|hdu xqlyhuvlwlhv/
ixoo0wlph yhuvxv sduw0wlph/ ru hquroohg lq froohjh ￿dw vrph wlph vlqfh kljk vfkrro￿ ru dw wkh vxuyh| gdwh1
;D vwxghqw zkr vwduwhg lq d Fdwkrolf kljk vfkrro dqg wudqvihuuhg wr d sxeolf vfkrro sulru wr wkh whqwk
judgh vxuyh| zrxog eh frghg dv dwwhqglqj d sxeolf kljk vfkrro +FK @3 , 1 Li vxfk wudqvihuv duh iuhtxhqwo|
prwlydwhg e| glvflsolqh sureohpv/ srru shuirupdqfh/ ru dolhqdwlrq iurp vfkrro/ wkhq plvfodvvl￿fdwlrq ri
wkh wudqvihuv dv sxeolf kljk vfkrro vwxghqwv frxog ohdg wr xszdug eldv lq hvwlpdwhv ri wkh h￿hfw ri FK rq
hgxfdwlrqdo dwwdlqphqw1 Zh lqyhvwljdwhg wklv lvvxh xvlqj dq ;wk judgh txhvwlrq derxw zkhwkhu wkh vwxghqw
h{shfwhg wr dwwhqg Fdwkrolf kljk vfkrro dqg lqirupdwlrq derxw zkhwkhu wkh vwxghqw kdg fkdqjhg kljk
vfkrrov sulru wr wkh 43wk judgh vxuyh|1 Dprqj Fdwkrolf vfkrro ;wk judghuv iru zkrp zh kdyh wkh uhohydqw
gdwd/ ;65 ri ;;< nlgv +<7(, zkr uhsruwhg wkdw wkh| h{shfwhg wr dwwhqg Fdwkrolf kljk vfkrro dfwxdoo|
dwwhqghg Fdwkrolf kljk vfkrro1 Dprqj wkh uhpdlqlqj 8:/ rqo| 45 vwxghqwv kdg wudqvihuuhg dw ohdvw rqfh
dqg ri wkhvh rqo| 6 idlohg wr judgxdwh kljk vfkrro1 Ixuwkhupruh/ lw txlwh srvvleoh wkdw 4 ru 5 ri wkhvh
vwxghqwv qhyhu vwduwhg Fdwkrolf kljk vfkrro/ shukdsv ehfdxvh ri d idplo| pryh1 Zh frqfoxgh wkdw dq| eldv
iurp plvfodvvl￿fdwlrq ri vwxghqwv lv vpdoo1
;uhvxowv uhsruwhg lq wkh sdshu duh zhljkwhg1< Ghwdlov uhjduglqj frqvwuxfwlrq ri yduldeohv
dqg wkh frpsrvlwlrq ri wkh vdpsoh duh surylghg lq Dsshqgl{ E1
515 Fkdudfwhulvwlfv ri Fdwkrolf Kljk Vfkrro dqg Sxeolf Kljk Vfkrro
Vwxghqwv e| Hljkwk Judgh Vhfwru
Lq Wdeoh 4 zh uhsruw wkh zhljkwhg phdqv e| kljk vfkrro vhfwru ri d vhw ri idplo| edfnjurxqg
fkdudfwhulvwlfv/ vwxghqw fkdudfwhulvwlfv/ hljkwk judgh rxwfrphv/ dqg kljk vfkrro rxwfrphv1
Zh uhsruw uhvxowv vhsdudwho| iru vwxghqwv zkr dwwhqghg Fdwkrolf hljkwk judghv +wkh ￿F;￿
vdpsoh, dqg iru wkh ixoo vdpsoh1 Wkh rxwfrphv fdwhjru| glvsod|v e| kljk vfkrro vhfwru wkh
froohjh dwwhqgdqfh udwh/ kljk vfkrro judgxdwlrq udwh/ dqg 43wk dqg 45wk judgh pdwk dqg
uhdglqj whvw vfruhv iru vwxghqwv iurp wkh QHOV=;; vdpsoh143 Orrnlqj dw wkh ixoo vdpsoh/
wkh judgxdwlrq dqg froohjh dwwhqgdqfh udwhv gl￿hu hqruprxvo| ehwzhhq wkh wzr vhfwruv1
Fdwkrolf kljk vfkrro vwxghqwv duh rqh ￿iwk dv olnho| wr gurs rxw ri kljk vfkrro dv wkhlu
sxeolf vfkrro frxqwhusduwv +3136 yhuvxv 3148,/ dqg duh wzlfh dv olnho| wr eh hquroohg lq d
irxu |hdu froohjh lq 4<<7 +318< yhuvxv 315<,1 Gl￿huhqfhv lq wzhoiwk judgh whvw vfruhv duh
pruh prghvw exw vwloo vxevwdqwldo￿derxw 317 ri d vwdqgdug ghyldwlrq kljkhu iru Fdwkrolf
kljk vfkrro vwxghqwv1 Lq wkh F; vdpsoh wkh jds lq wkh gursrxw udwh lv dovr yhu| odujh +3135
yhuvxv 3143,/ dv lv wkh jds lq wkh froohjh dwwhqgdqfh udwh +3195 yhuvxv 316<,1 Wkh jds lq wkh
45wk judgh pdwk vfruh lv derxw 3158 vwdqgdug ghyldwlrqv1 Wdeoh 5 vkrzv wkdw wkh jdsv lq
vfkrro dwwdlqphqw dqg whvw vfruhv duh hyhq pruh gudpdwlf iru plqrulw| vwxghqwv lq xuedq
vfkrrov1
Wdeohv 4 dqg 5 dovr vkrz wkdw wkh phdqv ri idyrudeoh idplo| edfnjurxqg phdvxuhv/ ;wk
judgh whvw vfruhv dqg judghv/ dqg srvlwlyh ehkdylru phdvxuhv lq hljkwk judgh duh vxevwdq0
wldoo| kljkhu iru wkh vwxghqwv zkr dwwhqg Fdwkrolf kljk vfkrrov1 Wkh odujh glvfuhsdqflhv iru
<Lq wkh lqlwldo vdpsoh/ sulydwh vfkrrov dqg vfkrrov zlwk d plqrulw| hquroophqw ri ryhu 4< shufhqw zhuh
ryhuvdpsohg1 Wkh suredelolw| ri vdpsolqj lq wkh ￿uvw dqg vhfrqg iroorz0xsv lv vpdoohu iru kljk vfkrrov
dwwhqghg e| ihzhu wkdq 43 vwxghqwv iurp wkh QHOV=;; edvh |hdu vdpsoh dqg wkh zhljkw ghfolqhv zlwk
wkh qxpehu ri vdpsoh phpehuv lq wkh kljk vfkrro1 Wklv lv olnho| wr ohdg wr xqghuvdpsolqj ri vwxghqwv
zkr dwwhqg sulydwh kljk vfkrrov1 Lq frqwudvw/ wkh wklug iroorz0xs vdpsoh ghvljq ryhuvdpsohv wkrvh zkr
dwwhqghg sulydwh kljk vfkrrov1 Ixuwkhupruh/ wkh vdpsolqj suredelolw| ghshqgv rq zkhwkhu wkh vwxghqw zdv
eholhyhg wr kdyh gursshg rxw ri kljk vfkrro1 Ehfdxvh wkh vdpsoh suredelolwlhv ghshqg rq dq hqgrjhqrxv
uljkw0kdqg vlgh yduldeoh dqg wkh vfkrro dwwdlqphqw yduldeohv/ lw lv qhfhvvdu| wr zhljkw wkh dqdo|vlv wr rewdlq
frqvlvwhqw sdudphwhu hvwlpdwhv1 Zh xvh wkh ￿uvw iroorz0xs sdqho zhljkwv iru wkh dqdo|vlv ri 43wk judgh whvw
vfruhv/ wkh vhfrqg iroorz0xs sdqho zhljkwv iru wkh dqdo|vlv ri 45wk judgh vfruhv/ dqg wkh wklug iroorz0xs
furvv vhfwlrq zhljkwv iru wkh dqdo|vlv ri kljk vfkrro judgxdwlrq dqg froohjh dwwhqgdqfh1 Wkh uhvxowv duh
vrphzkdw vhqvlwlyh wr wkh xvh ri vdpsoh zhljkwv/ dowkrxjk rxu pdlq ￿qglqjv duh urexvw wr zhljkwlqj1 Jlyhq
wkh vdpsolqj vfkhph wkh zhljkwhg hvwlpdwhv duh fohduo| suhihuuhg1
43Lq Wdeoh 4 dqg Wdeoh 5 wkh rxwfrph yduldeohv duh zhljkwhg zlwk wkh vdph zhljkwv xvhg lq wkh uhjuhvvlrq
dqdo|vlv/ dv ghvfulehg lq wkh suhylrxv vhfwlrq1 Doo rwkhu yduldeohv duh zhljkwhg xvlqj vhfrqg iroorz0xs sdqho
zhljkwv1
<pdq| ri wkh yduldeohv udlvh wkh srvvlelolw| wkdw sduw ru hyhq doo ri wkh jds lq rxwfrphv pd|
eh d uh hfwlrq ri zkr dwwhqgv Fdwkrolf kljk vfkrro1 Krzhyhu/ wkh jds lv pxfk orzhu iru
prvw yduldeohv lq wkh fdvh ri Fdwkrolf hljkwk judghuv1 Iru h{dpsoh/ wkh jds lq orj idplo|
lqfrph lv 317< iru wkh ixoo vdpsoh exw rqo| 314< iru wkh F; vdpsoh1 Wkh kljk vfkrro vhfwru
jds lq phdvxuhv ri wkh sduhqwv* hgxfdwlrqdo h{shfwdwlrqv iru wkh fklog lv pruh idyrudeoh wr
wkh vwxghqwv zkr dwwhqg Fdwkrolf kljk vfkrro lq wkh ixoo vdpsoh wkdq lq wkh hljkwk judgh
vdpsoh/ dqg wkh gl￿huhqfh lq wkh vwxghqw*v h{shfwhg |hduv ri vfkrrolqj lv 31:5 lq wkh ixoo
vdpsoh exw rqo| 3173 lq wkh F; vdpsoh144 Wkh kljk vfkrro vhfwru gl￿huhqwldo lq idwkhu*v
hgxfdwlrq lv derxw rqh |hdu lq erwk vdpsohv/ exw iru prwkhu*v hgxfdwlrq lv 31:8 iru wkh
ixoo vdpsoh dqg 3187 iru wkh F; vdpsoh1 Wkh glvfuhsdqf| lq wkh iudfwlrq ri vwxghqwv zkr
uhshdwhg d judgh lq judghv 70; lv 03138 lq wkh ixoo vdpsoh dqg rqo| 03134 lq wkh F; vdpsoh/
dqg wkh jds lq wkh iudfwlrq ri vwxghqwv zkr duh iuhtxhqwo| glvuxswlyh lv 03138 lq wkh ixoo
vdpsoh dqg 3 lq wkh F; vdpsoh1 Erwk ri wkhvh yduldeohv duh srzhuixo suhglfwruv ri kljk
vfkrro judgxdwlrq1 Ilqdoo|/ wkh jds lq wkh ;wk judgh uhdglqj dqg pdwk vfruhv duh 61;9 dqg
6177/ uhvshfwlyho|/ lq wkh ixoo vdpsoh/ exw rqo| 417: dqg 413</ uhvshfwlyho|/ lq wkh F; vdpsoh1
Wkhvh uhvxowv krog iru prvw ri wkh rwkhu yduldeohv lq Wdeoh 41 Vshfl￿fdoo|/ gl￿huhqfhv e|
kljk vfkrro vhfwru dprqj wkh idplo| edfnjurxqg fkdudfwhulvwlfv dqg hljkwk judgh rxwfrphv
duh pxfk vpdoohu iru Fdwkrolf hljkwk judghuv wkdq iru sxeolf hljkwk judghuv1 Wklv sdwwhuq
lv frqvlvwhqw zlwk wkh suhvxpswlrq wkdw vlqfh wkh sduhqwv ri ;wk judghuv iurp Fdwkrolf
vfkrrov kdyh douhdg| fkrvhq wr dyrlg sxeolf vfkrro dw wkh sulpdu| ohyho/ rwkhu/ dujxdeo|
pruh lglrv|qfudwlf idfwruv/ duh olnho| wr gulyh vhohfwlrq lqwr Fdwkrolf kljk vfkrrov iurp
Fdwkrolf hljkwk judgh1 Lqwxlwlyho|/ lw vhhpv olnho| wkdw wkhvh idfwruv frxog ohdg wr ohvv
vhohfwlrq eldv wkdq lq wkh ixoo vdpsoh/ dowkrxjk wkh ryhuzkhoplqj hylghqfh edvhg rq yhu|
eurdg vhw ri ;wk judgh revhuydeohv lv wkdw vhohfwlrq eldv lv srvlwlyh lq erwk vdpsohv1 Wkhvh
frqvlghudwlrqv/ frqfhuq derxw vhohfwlrq eldv dulvlqj iurp wkh idfw wkdw rqo| d 316( ri sxeolf
vfkrro hljkwk judghuv lq rxu h￿hfwlyh vdpsoh jr wr Fdwkrolf kljk vfkrro/ dqg wkh ghvluh wr
dyrlg frqirxqglqj wkh Fdwkrolf kljk vfkrro h￿hfw zlwk wkh h￿hfw ri Fdwkrolf hohphqwdu|
vfkrro ohdg xv wr irfxv rq wkh vdpsoh ri Fdwkrolf hljkwk judghuv lq pxfk ri rxu dqdo|vlv/
lq frqwudvw wr prvw suhylrxv vwxglhv145
44Dsshqgl{ E dqg wkh irrwqrwhv wr Wdeoh 6 surylgh wkh frpsohwh olvw ri yduldeohv xvhg lq rxu pxowlyduldwh
prghov1 Pdq| duh h{foxghg iurp Wdeohv 4 dqg 5 wr nhhs wkhp pdqdjhdeoh1 Wkh h{shfwdwlrqv yduldeohv lq
Wdeohv 4 dqg 5 duh h{foxghg iurp rxu rxwfrph prghov ehfdxvh li Fdwkrolf vfkrro kdv dq h￿hfw rq rxwfrphv/
wklv pd| eh lq xhqfh h{shfwdwlrqv1
45Wklv lv dq xqzhljkwhg shufhqwdjh1 Wkh zhljkwhg shufhqwdjh lv 31;(1 Zh kdyh pdgh vlplodu fdofxodwlrqv
edvhg rq wkh vdpsoh ri 49/3:3 lqglylgxdov iru zkrp lqirupdwlrq rq vhfwru ri hljkwk0judgh dqg vhfwru ri
43wk judgh lv dydlodeoh1 Wkh fruuhvsrqglqj hvwlpdwh ri wkh shufhqwdjh ri wkh hljkwk judghuv iurp sxeolf
vfkrrov zkr dwwhqg Fdwkrolf kljk vfkrrov lv 316(1 Li rqh uhvwulfwv wkh dqdo|vlv wr lqglylgxdov zkrvh sduhqwv
43516 Hvwlpdwhv ri wkh H￿hfw ri Fdwkrolf Kljk Vfkrrov
Lq wklv vhfwlrq ri wkh sdshu zh suhvhqw uhjuhvvlrq dqg xqlyduldwh surelw hvwlpdwhv ri wkh
h￿hfwv ri Fdwkrolf kljk vfkrro dwwhqgdqfh rq d vhw ri rxwfrphv1 Iru uhdvrqv glvfxvvhg
deryh/ zh irfxv rq wkh vxevdpsoh zkr dwwhqghg Fdwkrolf hljkwk judgh/ dowkrxjk zh dovr
suhvhqw uhvxowv iru wkh ixoo vdpsoh1
Lq wkh wrs sdqho ri Wdeoh 6 zh uhsruw wkh frh!flhqw rq ￿M/ wkh Fdwkrolf kljk vfkrro
dwwhqgdqfh gxpp|/ lq xqlyduldwh surelw/ ROV/ dqg vfkrro ￿{hg h￿hfwv prghov iru kljk
vfkrro judgxdwlrq146 Wkh gl￿huhqfh lq phdqv lv 313; zkhq qr frqwurov duh lqfoxghg1 Lq
wkh surelw prgho/ wkh frh!flhqw lv 31;; +3158,/ zlwk dq dvvrfldwhg dyhudjh pdujlqdo h￿hfw
rq wkh judgxdwlrq udwh ri 313;7/ zklfk lv d kxjh h￿hfw jlyhq wkdw wkh judgxdwlrq udwh lv
31<7: dprqj vwxghqwv iurp Fdwkrolf hljkwk judghv1 Lq wklv vdpsoh wkh idplo| edfnjurxqg
dqg jhrjudsklf frqwurov h{sodlq qrqh ri wkh udz gl￿huhqfh ri 313; lq wkh judgxdwlrq udwh1
Wkh srlqw hvwlpdwh ri wkh pdujlqdo h￿hfw ri ￿M ghfolqhv voljkwo| wr 313;4 zkhq zh dgg
hljkwk judgh whvw vfruhv lq froxpq 8/ dqg lqfuhdvhv wr 313;; zkhq zh dgg d odujh vhw ri
hljkwk judgh phdvxuhv ri dwwhqgdqfh/ dwwlwxghv wrzdug vfkrro/ dfdghplf wudfn lq hljkwk
judgh/ dfklhyhphqw/ dqg ehkdylrudo sureohpv1 Wkh vwdelolw| ri wkh Fdwkrolf vfkrro h￿hfw
lv uhpdundeoh/ hvshfldoo| jlyhq wkh idfw wkdw wkh frqwuro yduldeohv lq froxpq 9 duh txlwh
srzhuixo/ h{sodlqlqj 3165 shufhqw ri wkh yduldqfh lq wkh odwhqw yduldeoh iru kljk vfkrro
judgxdwlrq zkhq ￿M lv h{foxghg iurp wkh prgho1
Wkh vhfrqg urz lq Wdeoh 6 lv edvhg rq olqhdu suredelolw| prghov ri kljk vfkrro judg0
xdwlrq1 Wkh frh!flhqw rq ￿M ydulhv iurp 313;3 wr 313;4 dqg forvho| djuhhv zlwk wkh
surelw hvwlpdwhv1 Urz 6 ri froxpqv 709 dggv hljkwk judgh ￿{hg h￿hfwv wr wkh vshfl￿fdwlrqv
uhsruwhg lq urz 5147 Wkh ￿{hg h￿hfwv hvwlpdwh lv 1448 iru wkh edvlf vshfl￿fdwlrq dqg 31435
zkhq wkh ixoo vhw ri frqwurov lv lqfoxghg148
Lq Wdeoh 6 zh dovr uhsruw hvwlpdwhv ri wkh h￿hfw ri Fdwkrolf kljk vfkrro dwwhqgdqfh rq
wkh suredelolw| wkdw d vwxghqw lv hquroohg lq d 7 |hdu froohjh dw wkh wlph ri wkh 6ug iroorz0
xs vxuyh| lq 4<<7/ 5 |hduv diwhu prvw vwxghqwv judgxdwh iurp kljk vfkrro1 Iru wkh edvlf
duh Fdwkrolf/ rqo| 31:( ri vwxghqwv zkr dwwhqghg sxeolf hljkwk0judgh dwwhqg d Fdwkrolf kljk vfkrro1 Wkh
xqzhljkwhg dqg zhljkwhg hvwlpdwhv ri wkh shufhqwdjh ri Fdwkrolf kljk vfkrro 43wk judghuv zkr dwwhqghg
Fdwkrolf hljkwk0judgh duh <815 shufhqw dqg ;71: shufhqw1
46Kxehu0Zklwh vwdqgdug huuruv duh uhsruwhg wkurxjkrxw wkh sdshu1 Wkh vwdqgdug huuruv dffrxqw iru wkh
xvh ri zhljkwv dqg/ zlwk wkh h{fhswlrq ri Wdeoh : dqg ;/ wkh| dffrxqw iru vhuldo fruuhodwlrq dprqj vwxghqwv
iurp wkh vdph hljkwk judgh1
47Wkdw lv/ lw lqfoxghv vhsdudwh lqwhufhswv iru hdfk hljkwk judgh1
48Zh uhsruw ￿{hg h￿hfwv uhvxowv qrw ehfdxvh wkh xvh ri ￿{hg h￿hfwv lv qhfhvvdulo| d pruh dssursuldwh
hvwlpdwru exw udwkhu wr vkrz wkdw idfwruv wkdw ydu| dfurvv Fdwkrolf hohphqwdu| vfkrrov +vxfk dv sxeolf
kljk vfkrro txdolw|, gr qrw gulyh wkh odujh srvlwlyh hvwlpdwhv ri wkh Fdwkrolf kljk vfkrro h￿hfw1 Eldv iurp
lqglylgxdo khwhurjhqhlw| frxog zhoo eh pruh vhyhuh lq wkh zlwklq0vfkrro wkdq wkh furvv0vfkrro dqdo|vlv1
44vshfl￿fdwlrq +froxpq 7, wkh surelw hvwlpdwh lpsolhv wkdw ￿M udlvhv wkh froohjh hquroophqw
suredelolw| e| 31487/ zklfk frpsduhv wr d udz gl￿huhqfh ri 31561 Wklv hvwlpdwh idoov wr
3147< zkhq zh dgg ghwdlohg frqwurov wr wkh prgho1 Olqhdu suredelolw| prghov |lhog vlplodu
hvwlpdwhv1
Lq Wdeoh 7 zh uhsruw hvwlpdwhv ri wkh h￿hfw ri ￿M rq 43wk dqg 45wk judgh uhdglqj dqg
pdwk vfruhv1 Lq frqwudvw wr wkh deryh ￿qglqjv/ zh rewdlq prghvw qhjdwlyh hvwlpdwhv ri wkh
h￿hfwv ri Fdwkrolf kljk vfkrrov rq 43wk judgh uhdglqj vfruhv1 Lq wkh vlpsohvw vshfl￿fdwlrq
iru wkh Fdwkrolf hljkwk judgh vxevdpsoh/ zh rewdlq d frh!flhqw ri 0413: +31<:,/ zklfk ulvhv
wr 031;: +31::, zkhq wkh ixoo vhw ri frqwurov dqg hljkwk judgh ￿{hg h￿hfwv duh dgghg1 Zh
rewdlq d vpdoo exw vwdwlvwlfdoo| lqvljql￿fdqw frh!flhqw ri 03165 +4134, lq wkh fdvh ri pdwk/
exw wklv hvwlpdwh ghfolqhv wr hvvhqwldoo| 3 zkhq zh dgg ghwdlohg frqwurov1
Lq wkh erwwrp sdqho ri Wdeoh 7 zh uhsruw hvwlpdwhv ri wkh h￿hfwv rq 45wk judgh uhdglqj
dqg pdwk vfruhv1 Iru wkh Fdwkrolf hljkwk judgh vdpsoh zlwk wkh ixoo vhw ri frqwurov zh
rewdlq d vpdoo srvlwlyh h￿hfw ri 4147 +3179, rq wkh pdwk vfruh dqg 3166 +3195, rq wkh uhdglqj
vfruh1 Dv Jurjjhu dqg Qhdo +4<<<, hpskdvl}h/ d srvlwlyh h￿hfw ri Fdwkrolf vfkrrov rq wkh
kljk vfkrro judgxdwlrq udwh pljkw ohdg wr d grzqzdug eldv lq wkh Fdwkrolf kljk vfkrro
frh!flhqw lq wkh 45wk judgh whvw htxdwlrqv jlyhq wkdw gursrxwv kdyh orzhu whvw vfruhv dqg
wkdw gursrxwv kdyh d orzhu suredelolw| ri wdnlqj wkh 45wk judgh whvw1 Krzhyhu/ wkh lvvxh
dsshduv wr eh ri rqo| plqru lpsruwdqfh149
Wr idflolwdwh d frpsdulvrq wr rwkhu vwxglhv/ zh dovr suhvhqw hvwlpdwhv iru wkh frpelqhg
vdpsoh ri vwxghqwv iurp Fdwkrolf dqg sxeolf hljkwk judghv1 Iru wklv vdpsoh wkh h￿hfw ri
Fdwkrolf kljk vfkrro dwwhqgdqfh lv uhgxfhg iurp 313;4 wr 31385 diwhu zh dgg wkh ixoo vhw ri
frqwurov +Wdeoh 6/ froxpqv 406,1 Lw lv lqwhuhvwlqj wr qrwh/ krzhyhu/ wkdw wkh ROV hvwlpdwh lv
rqo| 31356 rqfh wkh ixoo vhw ri frqwurov duh dgghg dqg gl￿huv vxevwdqwldoo| iurp wkh surelw
hvwlpdwh ri wkh dyhudjh ghulydwlyh1 Wkh froohjh dwwhqgdqfh uhvxowv odujho| pluuru wkh kljk
49Zh ghdo zlwk wklv lvvxh e| ￿oolqj lq plvvlqj gdwd iru erwk kljk vfkrro judgxdwhv dqg gursrxwv xvlqj
suhglfwhg ydoxhv iurp d uhjuhvvlrq ri wkh 45wk judgh vfruh rq wkh ixoo vhw ri frqwurov lq wkh rxwfrph
uhjuhvvlrq/ soxv wkh Fdwkrolf kljk vfkrro gxpp| dqg wkh 43wk judgh whvw vfruhv dqg d gxpp| yduldeoh iru
zkhwkhu wkh lqglylgxdo judgxdwhg iurp kljk vfkrro +kljk vfkrro judgxdwlrq kdv d vpdoo dqg vwdwlvwlfdoo|
lqvljql￿fdqw frh!flhqw,1 Xvlqj wkh qhz ghshqghqw yduldeoh dqg vdpsoh wkh hvwlpdwhg h￿hfw ri Fdwkrolf
kljk vfkrrov iru 45wk judgh pdwk dqg uhdglqj duh 4153 dqg 318; uhvshfwlyho|1 Zh rewdlq 4153 dqg 3189/
uhvshfwlyho|/ zkhq zh xvh dq dowhuqdwlyh lpsxwdwlrq lq zklfk zh dgmxvw iru gl￿huhqfhv lq xqrevhuydeohv
xvlqj wkh dvvxpswlrq wkdw wkh gl￿huhqfh ehwzhhq gursrxwv zlwk dqg zlwkrxw 45wk judgh whvw vfruhv lq
wkh phdq2yduldqfh ri wkh uhjuhvvlrq uhvlgxdo iurp wkh whvw vfruh suhglfwlrq uhjuhvvlrq lv wkh vdph dv wkh
gl￿huhqfh lq wkh phdq2yduldqfh ri wkh suhglfwhg ydoxhv ri wkh whvwv1 Wkh U5 ri wkh suhglfwlrq htxdwlrqv
duh 31:3 iru uhdglqj dqg 31;9 iru pdwk1 Wkh hvwlpdwhv ri wkh uholdelolw| ri wkh pdwk whvw uhsruwhg lq wkh
QHOV=;; grfxphqwdwlrq/ zkloh suredeo| grzqzdug eldvhg/ duh lq wkh 31;: wr 31<3 udqjh1 Frqvhtxhqwo|/
d vxevwdqwldo sduw ri wkh whvw vfruh uhvlgxdo suredeo| uh hfwv udqgrp yduldwlrq lq whvw shuirupdqfh dqg lv
xquhodwhg wr dfklhyhphqw ohyhov1 Iru wklv uhdvrq vhohfwlrq rq xqrevhuydeohv lq wkh dydlodelolw| ri whvw gdwd
lv suredeo| ohvv vwurqj wkdq vhohfwlrq rq wkh suhglfwhg sruwlrq ri wkh whvw vfruhv1
45vfkrro judgxdwlrq uhvxowv1 Wkh surelw hvwlpdwh ri wkh h￿hfw ri Fdwkrolf vfkrro dwwhqgdqfh
lv 313:7 rqfh wkh ixoo vhw ri frqwurov duh lqfoxghg/ zklfk lv vxevwdqwldo uhodwlyh wr wkh phdq
froohjh dwwhqgdqfh suredelolw| ri 31641 Qrwh wkdw wkh frqwurov pdnh d pxfk odujhu gl￿huhqfh
lq wkh ixoo vdpsoh wkdq lq wkh Fdwkrolf hljkwk judgh vdpsoh/ zklfk lv frqvlvwhqw zlwk wkh
hylghqfh wkdw vhohfwlrq rq wkh revhuydeohv lv pruh vhyhuh lq wkh ixoo vdpsoh1
Rqfh ghwdlohg frqwurov iru hljkwk0judgh rxwfrphv duh lqfoxghg/ wkh hvwlpdwhv ri wkh h￿hfw
ri Fdwkrolf kljk vfkrrov rq 43wk judgh pdwk dqg uhdglqj vfruhv duh hvvhqwldoo| 3/ dqg wkh
hvwlpdwhv ri wkh h￿hfwv rq 45wk judgh uhdglqj dqg pdwk duh rqo| 4147 dqg 31<5/ uhvshfwlyho|1
Djdlq/ wkhuh lv olwwoh hylghqfh wkdw Fdwkrolf kljk vfkrrov lqfuhdvh dfklhyhphqw e| 43wk
judgh/ lq dffrugdqfh zlwk wkh ￿qglqjv edvhg rq wkh Fdwkrolf hljkwk judgh vxevdpsoh1 Lq
frqwudvw/ wkh 45wk judgh pdwk dqg uhdglqj vfruh uhvxowv lqglfdwh d vpdoo exw vwdwlvwlfdoo|
vljql￿fdqw srvlwlyh h￿hfw1 Jlyhq wkh kljk ghjuhh ri vhohfwlrq lqwr Fdwkrolf kljk vfkrro lq
wkh ixoo vdpsoh rq wkh edvlv ri revhuydeoh wudlwv/ wkhvh hvwlpdwhv pd| uh hfw wkh h￿hfwv ri
xqrevhuyhg gl￿huhqfhv ehwzhhq sxeolf dqg Fdwkrolf kljk vfkrro vwxghqwv udwkhu wkdq dfwxdo
h￿hfwv rq whvw vfruhv/ dqg vkrxog eh lqwhusuhwhg zlwk fdxwlrq1
517 Ohvvrqv iurp wkh Suholplqdu| Dqdo|vlv
Rxu suhihuuhg uhvxowv/ zklfk duh edvhg rq wkh Fdwkrolf hljkwk judgh vdpsoh/ vxjjhvw d vwurqj
srvlwlyh h￿hfw ri ￿M rq kljk vfkrro judgxdwlrq dqg froohjh dwwhqgdqfh1 Wkh hvwlpdwhv ri
wkh h￿hfw rq 45wk judgh whvw vfruhv duh pxfk vpdoohu +Wdeohv 8 dqg 9 suhvhqw txdolwdwlyho|
vlplodu uhvxowv iru xuedq plqrulwlhv/ zklfk zh frqvlghu lq ghwdlo lq vhfwlrq 8,1 Wkh nh|
txhvwlrq lv krz pxfk ri wkh hvwlpdwhg kljk vfkrro h￿hfw rq hgxfdwlrqdo dwwdlqphqw lv uhdo/
dqg krz pxfk lv gxh wr vhohfwlrq eldv1 Zh kdyh wdnhq dgydqwdjh ri wkh idfw wkdw wkh
QHOV=;; gdwd vhw frqwdlqv dq xqxvxdoo| ulfk vhw ri idplo| edfnjurxqg yduldeohv dqg hljkwk
judgh rxwfrphv wkdw duh olnho| wr eh uhohydqw iru hgxfdwlrqdo dwwdlqphqw dqg dfklhyhphqw
wr surylgh vrph jxlgdqfh uhjduglqj wkh h{whqw ri vhohfwlrq eldv1 Wkh phdqv ri idyrudeoh
yduldeohv duh w|slfdoo| kljkhu iru Fdwkrolf kljk vfkrro vwxghqwv/ vxjjhvwlqj srvlwlyh vhohfwlrq
eldv1 Krzhyhu/ srvlwlyh vhohfwlrq lv pruh prghvw lq wkh vdpsoh ri Fdwkrolf hljkwk judghuv/
dqg lq wklv vdpsoh wkh hvwlpdwhv ri wkh h￿hfw ri ￿M rq kljk vfkrro judgxdwlrq dqg froohjh
dwwhqgdqfh/ duh yhu| odujh1 Ixuwkhupruh/ wkh hvwlpdwhv duh qrw yhu| vhqvlwlyh wr wkh dgglwlrq
ri d srzhuixo vhw frqwuro yduldeohv/ hvshfldoo| lq wkh kljk vfkrro judgxdwlrq fdvh1 Zh zrxog
frqfoxgh wkdw sduw ri wkh Fdwkrolf vfkrro h￿hfw rq hgxfdwlrqdo dwwdlqphqw lv uhdo/ exw frxog
qrw jr pxfk eh|rqg vxfk d vwdwhphqw1 Wklv lv zkhuh wkh w|slfdo dqdo|vlv ri eldv gxh wr
vhohfwlrq rq xqrevhuydeohv edvhg rq sdwwhuqv lq wkh revhuydeohv zrxog hqg1
46Lq wkh uhpdlqghu ri wkh sdshu/ zh irupdol}h wkh lghd ri xvlqj wkh ghjuhh ri vhohfwlrq
rq wkh revhuydeohv dv d jxlgh wr eldv iurp vhohfwlrq rq xqrevhuydeohv dqg surylgh zd|v ri
irupdoo| lqfrusrudwlqj vxfk lqirupdwlrq lqwr wkh hvwlpdwlrq vwudwhj|1 Zh wkhq dsso| rxu
phwkrgv wr vwxg| wkh h￿hfw ri ￿M￿
6 Vhohfwlrq Eldv dqg wkh Olqn Ehwzhhq wkh Revhuyhg
dqg Xqrevhuyhg Ghwhuplqdqwv ri Vfkrro Fkrlfh dqg
Hgxfdwlrq Rxwfrphv
Lq wklv vhfwlrq zh frqvlghu zd|v wr xvh wkh uhodwlrqvkls dprqj wkh revhuyhg ghwhuplqdqwv ri
Fdwkrolf vfkrro dwwhqgdqfh dqg hgxfdwlrqdo rxwfrphv wr surylgh d txdqwlwdwlyh dvvhvvphqw
ri wkh lpsruwdqfh ri wkh eldv uhvxowlqj iurp d uhodwlrqvkls dprqj wkh xqrevhuyhg ghwhupl0
qdqwv1 Lq sduwlfxodu zh vkrz wkdw prgholqj krz wkh vhw ri revhuyhg yduldeohv lv duulyhg dw
fdq |lhog frqglwlrqv wkdw duh xvhixo iru lghqwl￿fdwlrq1 Lq vhfwlrq 614 zh surylgh d ehqfk0
pdun prgho ri wkh gdwd jhqhudwlrq surfhvv lq zklfk wkh revhuyhg yduldeohv duh d udqgrp
vxevhw ri wkh ghwhuplqdqwv ri wkh rxwfrph1 Zh hvwdeolvk wkdw wklv lpsolhv +417,/ zklfk zh
uhihu wr dv Frqglwlrq 41 Lq vhfwlrq 615 zh srlqw rxw wkdw d vwuxfwxudo prgho ri vfkrro fkrlfh
lq zklfk wkh rggv ri dwwhqglqj d Fdwkrolf vfkrro ghshqg gluhfwo| rq wkh rxwfrph fdq dovr
ohdg wr Frqglwlrq 4/ dowkrxjk wkdw lv qrw wkh dssurdfk zh wdnh khuh1 Lq vhfwlrqv 616 dqg
617 zh frqvlghu wkh lpsolfdwlrqv ri Frqglwlrq 4 iru lghqwl￿fdwlrq1 Lq vhfwlrq 618 zh h{whqg
wkh dqdo|vlv wr fdvhv lq zklfk d srvvleo| lqydolg lqvwuxphqwdo yduldeoh lv dydlodeoh dqg lq
vhfwlrq 619 zh frqvlghu wkh fdvh lq zklfk wkh h￿hfw ri Fdwkrolf vfkrrov lv khwhurjhqhrxv1 Lq
vhfwlrq 61: zh glvfxvv wkh uhohydqfh ri rxu dqdo|vlv iru vwxglhv ri wkh Fdwkrolf vfkrro h￿hfw1
614 Udqgrp Fkrlfh ri Revhuyhg Yduldeohv
Ohw ‘ eh wkh ixoo vhw ri yduldeohv wkdw ghwhuplqh t dffruglqj wr
t ’ k￿M n ‘
￿K/ +614,
zkhuh K lv d frqirupdeoh frh!flhqw yhfwru1 Zh dvvxph wkdw vrph ri wkh hohphqwv ri ‘
duh revhuydeoh wr wkh hfrqrphwulfldq dqg vrph duh xqrevhuydeoh1 Ghqrwh wkh revhuydeoh
sruwlrq ri ‘ dv f dqg wkh fruuhvsrqglqj hohphqwv ri K dv ￿ vr wkdw
t ’ k￿M n f
￿￿ n 0c +615,
47zkhuh wkh yhfwru f lv revhuyhg e| wkh hfrqrphwulfldq dqg 0 lv xqrevhuyhg1 Wkdw lv iru hdfk










D nh| dvvxpswlrq iru rxu dssurdfk lv wkdw wkh revhuydeohv duh d ￿udqgrp vxevhw￿ ri
wkh xqghuo|lqj yduldeohv1 Lq rxu qrwdwlrq wklv dprxqwv wr dvvxplqj wkdw r￿ lv dq ￿￿_ elqdu|
udqgrp yduldeoh zklfk lv htxdo wr rqh zlwk suredelolw| ￿71 Wkh rxwfrph ri r￿ ghwhuplqhv
zkhwkhu fryduldwh ‘￿ lv revhuyhg14:
Udqgrp fkrlfh ri wkh revhuydeohv iurp ‘ jxdudqwhhv wkdw wkh ghjuhh ri vhohfwlrq rq











zkhuh SurmE￿m￿￿ ghqrwhv d olqhdu surmhfwlrq1Wkh v|pphwu| ri xqrevhuydeohv dqg revhuy0
deohv dulvhv vlqfh wkh frh!flhqwv rq f￿￿ dqg 0 duh wkh vdph1 Wklv frqglwlrq uhodwhv vhohfwlrq
lqwr Fdwkrolf vfkrro wr wkh idfwruv wkdw lq xhqfh wkh rxwfrph t￿ Wklv irupdol}dwlrq kdv
gluhfw uhohydqfh wr wkh sureohp ri rplwwhg yduldeohv eldv/ dv zh vkdoo vhh lq vhfwlrq 6171







￿￿ n ￿S20 +618,
zkhuh ￿S lv gh￿qhg lq htxdwlrq +616,1 Rqh fdq vhh wkdw ￿S￿ dqg ￿S2 zrxog eh htxdo wr ￿S li
f￿￿ dqg 0 zhuh xqfruuhodwhg zlwk /1 Zh fdq zulwh wklv frqglwlrq dv
.Ef
￿￿/￿’.E0/￿’f ￿ +619,


















Vlplodu orjlf |lhogv .E0/￿’f ￿ Frqvhtxhqwo|/ Frqglwlrq 4 krogv rq dyhudjh ryhu gudzv
ri wkh yhfwru ir￿￿￿￿￿rgj￿1 Wklv uhvxow lq lwvhoi lv qrw xvhixo lq sudfwlfh ehfdxvh zh rqo|
revhuyh rqh gudz ri wkh vhtxhqfh ri r￿￿ Wr mxvwli| rxu frqglwlrq zh qrz vkrz wkdw dv wkh
qxpehu ri fryduldwhv ‘ jhwv odujh/ d vlplodu irup ri htxdolw| ri vhohfwlrq rq revhuydeohv
dqg xqrevhuydeohv krogv1










Rqh fdq lqwhusuhw wklv h{suhvvlrq dv vshfli|lqj wkdw hlwkhu wkh vfdoh ri hdfk fryduldwh ru wkh
vfdoh ri ￿ lv lqyhuvho| sursruwlrqdo wr
s







Zh dovr qhhg wr jxdudqwhh wkdw ￿MW
g lv zhoo ehkdyhg dv wkh qxpehu ri fryduldwhv jhwv












zkhuh e| gh￿qlwlrq ￿g lv ruwkrjrqdo wr ‘￿￿ Rqfh djdlq zh vfdoh e|
s
g wr jxdudqwhh wkdw
￿MW
g lv zhoo ehkdyhg dv g jhwv odujh1 Lq wkh rxwfrph htxdwlrq/ K lv d ￿vwuxfwxudo￿ ru
fdxvdo sdudphwhu gh￿qhg lq wkh prgho1 Lq frqwudvw/ iru wkh vhohfwlrq htxdwlrq q lv gh￿qhg
vlpso| dv wkh frh!flhqw iurp d olqhdu surmhfwlrq1
Zh qrz vkrz wkdw xqghu fhuwdlq dvvxpswlrqv Frqglwlrq 4 zloo krog dv wkh qxpehu ri
hohphqwv ri ‘ jhwv odujh1 Qrwh wkdw rxu dv|pswrwlfv duh qrqvwdqgdug1 Iluvw/ zh duh doorzlqj
wkh qxpehu ri uhjuhvvruv g wr jhw odujh1 Vhfrqg/ ‘￿ lv gl￿huhqw lq d vhqvh wkdq Eq￿cK￿￿ dqg
r￿￿ Iru hdfk ￿ zh gudz rqh revhuydwlrq rq Eq￿cK￿￿ dqgr￿ zklfk duh wkh vdph iru hyhu| shuvrq
lq wkh srsxodwlrq> krzhyhu/ hdfk shuvrq zloo gudz wkhlu rzq ‘￿￿ Frqvlghu wkh surmhfwlrq
ri ￿MW








￿’￿ E￿ ￿ r￿￿‘￿K￿1 Wklv surmhfwlrq lv phdqw wr eh wkh srsxodwlrq surmhfwlrq +l1h1/
iru d yhu| odujh qxpehu ri shuvrqv, zlwk g ￿{hg/ frqglwlrqdo rq d sduwlfxodu uhdol}dwlrq
ri Eq￿cK￿￿ dqg r￿/ ￿ ’￿ ￿￿￿g￿ Wkh wkhruhp vwdwhv wkdw dv g jhwv odujh wkh surmhfwlrq
frh!flhqwv rq ￿ I
g
Sg
￿’￿r￿‘￿K￿ dqg ￿ I
g
Sg



















zkhuh ‘￿ dqg Eq￿cK￿￿ duh lqghshqghqw qrqghjhqhudwh/ vwdwlrqdu|/ hujrglf surfhvvhv wkdw
vdwlvi| wkh frqglwlrqv iru Zklwh*v +4<;7, Fhqwudo Olplw Wkhruhp 8148/ .E‘￿￿’f 4; iru
￿ ’￿ c￿￿￿cgcdqg ￿g lv xqfruuhodwhg zlwk ‘￿
Gh￿qh ￿￿g dqg ￿2g vxfk wkdw frqglwlrqdo rq r￿c￿￿￿cr gcK￿c￿￿￿cKgcq￿c￿￿￿cqgc
Surm
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zkhuh r￿ lv dq ￿￿_ elqdu| udqgrp yduldeoh1 Wkhq dv g jhwv odujh/ E￿￿g ￿ ￿2g￿ frqyhujhv
lq suredelolw| wr }hur1
+Surri lq Dsshqgl{ D,
Zh zloo dsso| wklv qrwlrq ri htxdolw| ri revhuydeohv dqg xqrevhuydeohv wr wkh Fdwkrolf
vfkrro sureohp dqg vkrz krz lw fdq dlg lghqwl￿fdwlrq1
615 Vwuxfwxudo Prghov ri Vfkrro Fkrlfh dqg Frqglwlrq 4
D frqyhqwlrqdo sdwk wr lghqwl￿fdwlrq ri fdxvdo h￿hfwv lq wkh suhvhqfh ri hqgrjqhrxv yduldeohv
lv wkurxjk wkh xvh ri dq hfrqrplf prgho dv d vrxufh ri d sulrul uhvwulfwlrqv1 Khuh zh gljuhvv
eulh | wr vkrz wkdw wklv nlqg ri dssurdfk fdq dovr gholyhu uhvwulfwlrqv olnh +616,1 Vxssrvh
wkdw Fdwkrolf vfkrro dwwhqgdqfh ghshqgv rq f dqg 0 rqo| wkurxjk t 1 Lq dgglwlrq/ ￿MW
4;Dvvxplqj wkdw wkh yduldeohv kdyh }hur h{shfwhg ydoxh mxvw vlpsol￿hv wkh h{srvlwlrq> zh frxog uhod{ wklv
uhvwulfwlrq e| lqfoxglqj dq lqwhufhsw lq wkh prgho zlwkrxw fkdqjlqj wkh uhvxowv1
4:pd| ghshqg rq vrph dgglwlrqdo xqrevhuyhg yduldeohv wkdw duh xquhodwhg wr f dqg 01L q
wklv fdvh/ wkh htxdwlrq iru ￿MW zrxog wdnh wkh irup=
￿M
W ’ @￿ Et ￿ k￿M￿n ￿c +61<,
zkhuh ￿ lv xqfruuhodwhg zlwk f dqg 0￿ Frpelqlqj wkhvh htxdwlrqv rqh rewdlqv
￿M
W ’ ￿Sf
￿￿ n ￿S0 n ￿c +6143,
zkhuh ￿S ’ @￿/ dqg Frqglwlrq 4 lv vdwlv￿hg1
Wklv pljkw eh d sodxvleoh dssur{lpdwlrq wr wkh ghflvlrq pdnlqj surfhvv e| wkh vfkrrov/
sduhqwv/ dqg fkloguhq lq vlwxdwlrqv lq zklfk vfkrrov duh ryhuvxevfulehg dqg vhohfw vwxghqwv
wr pd{lpl}h rxwfrphv vxfk dv dfklhyhphqw ru froohjh dwwhqgdqfh1 Pdq| Fdwkrolf kljk
vfkrrov jlyh dgplvvlrqv whvwv dqg edvh ghflvlrqv lq sduw rq wkh uhvxowv/ vr wkh fulwhulrq
ri wkh kljk vfkrrov lv sduwo| uhodwhg wr 43wk judgh ru 45wk judgh whvw shuirupdqfh1 Exw
sduwlfxodu hohphqwv ri f pd| lq xhqfh ￿MW txlwh gl￿huhqwo| iurp wkh zd| lq zklfk wkh|
lq xhqfh wkh vhfrqgdu| vfkrro rxwfrphv14< Rxu srlqw lv vlpso| wr hvwdeolvk wkdw vwuxfwxudo
prghov ri vfkrro fkrlfh dqg rxwfrphv pd| dovr ohdg wr Frqglwlrq 4/ hyhq wkrxjk zh duulyh
dw wkh Frqglwlrq lq d yhu| gl￿huhqw zd|1 Lw dovr kljkoljkwv wkh idfw wkdw rxu prgho ri wkh
gdwd jhqhudwlrq surfhvv lv rqo| vx!flhqw iru Frqglwlrq 4/ lw lv qrw qhfhvvdu|1
616 Lghqwl￿fdwlrq Edvhg rq Frqglwlrq 4
Lq wklv vhfwlrq zh vkrz krz Frqglwlrq 4 fdq khos vroyh wkh lghqwl￿fdwlrq sureohp1 Prgho
+615, ghyhorshg deryh lv olqhdu>53 krzhyhu/ lq vwxg|lqj lghqwl￿fdwlrq zh zdqw wr lvrodwh
wkh frqwulexwlrq ri Frqglwlrq 4 iurp wkh uroh ri olqhdulw| ru rwkhu odujh vdpsoh surshuwlhv
+h1j1/ qrupdolw| ri 0,154 Zh rqo| zdqw wr uho| rq dq dvvxpswlrq derxw wkh uhodwlrqvkls
4<Iru h{dpsoh/ wkh uhodwlyh h￿hfwv ri vshfl￿f yduldeohv vxfk dv uholjlrq/ udfh/ sduhqwdo hgxfdwlrq/ dqg wkh
delolw| dqg prwlydwlrq ri wkh fklog rq vhfwru fkrlfh dqg rxwfrphv pd| eh gl￿huhqw1 Doorzlqj wkh h￿hfwv ri
d vxevhw ri wkh revhuyhg yduldeohv wr hqwhu iuhho| lqwr +61<, pd| qrw eh vx!flhqw dqg rqh zrxog uhtxluh d
sulrul lqirupdwlrq derxw zklfk yduldeohv wr hqwhu1 Wkh lpsolflw uhvwulfwlrqv rq wkh xqrevhuydeoh hperglhg
lq +61<, dovr srvh d sureohp/ vlqfh zkhwkhu ru qrw d vwxghqw judgxdwhv iurp kljk vfkrro ru dwwhqgv froohjh
zloo eh lq xhqfhg e| pdq| idfwruv wkdw duh ghwhuplqhg diwhu wkh fklog ghflghv zkhwkhu wr dwwhqg d Fdwkrolf
kljk vfkrro1
53Olqhdulw| ri 615 lv qrw hvvhqwldo iru Wkhruhp 4/ exw vhsdudelolw| ehwzhhq revhuydeohv lv1 Zh wuhdw
xqrevhuydeohv v|pphwulfdoo| zlwk revhuydeohv/ vr li zh doorzhg iru lqwhudfwlrqv ehwzhhq revhuydeohv zh
zrxog kdyh wr doorz iru lqwhudfwlrqv ehwzhhq revhuydeohv dqg xqrevhuydeohv dv zhoo1 Wklv lv eh|rqg wkh
vfrsh ri wklv sdshu1
54Iru h{dpsoh/ dv orqj dv wkh suredelolw| ri jrlqj wr d Fdwkrolf vfkrro lv qrqolqhdu/ olqhdulw| ri j lq +6144,
ehorz lv vx!flhqw iru lghqwl￿fdwlrq ri ￿ dqg rqh grhv qrw qhhg dq h{foxvlrq uhvwulfwlrq1 Wkh surshqvlw|
vfruh frxog eh xvhg dv dq lqvwuxphqw1
4;ehwzhhq xqrevhuydeohv dqg revhuydeohv udwkhu wkdq doo ri wkh lpsolfdwlrqv ri wkh prgho155
Frqvhtxhqwo|/ zh vwxg| lghqwl￿fdwlrq ri k xvlqj wkh iroorzlqj ￿wuhdwphqw h￿hfw￿ prgho
zlwkrxw h{foxvlrq uhvwulfwlrqv=
￿M
W ’ KEf￿n￿ +6144,
￿M ’￿ E ￿M
W ￿ f￿
t ’ k￿M n }Ef￿n0c
zkhuh ￿E￿￿ lv wkh lqglfdwru ixqfwlrq wdnlqj wkh ydoxh rqh li lwv dujxphqw lv wuxh dqg }hur
rwkhuzlvh156 Wkh hfrqrphwulfldq revhuyhv Efc￿Mct ￿c exw qrw wkh xqrevhuydeohv E￿c0￿ ru
wkh odwhqw yduldeoh ￿MW￿ Wkh huuruv E￿c0￿ duh lqghshqghqw ri f￿
Prgho +6144, gursv olqhdulw| exw lpsrvhv wkh vwdqgdug dvvxpswlrq wkdw wkh revhuydeohv
f duh lqghshqghqw ri 0/ zklfk zh glg qrw qhhg iru Frqglwlrq 41 Lq wkh lqghshqghqfh fdvh








Zkloh lqghshqghqfh lv vx!flhqw iru wklv frqglwlrq/ lw lv qrw qhfhvvdu|1 Lqghshqghqfh ru
phdq lqghshqghqfh lv pdlqwdlqhg lq doprvw doo vwxglhv ri vhohfwlrq sureohpv/ exw lw lv kdug
wr mxvwli| lq prvw vhwwlqjv/ lqfoxglqj rxuv157 Wkh vslulw ri rxu dqdo|vlv lv wkdw li wkhuh duh
fruuhodwlrqv dprqj wkh revhuydeohv/ zklfk lv wkh fdvh lq prvw dssolfdwlrqv/ lqfoxglqj rxuv/
55Wkh xvh ri d vxevhw ri uhvwulfwlrqv lpsolhg e| d prgho iru lghqwl￿fdwlrq lv frpprq lq dssolhg zrun1
Iru h{dpsoh/ frqvlghu d vwdqgdug olqhdu prgho zlwk rqh hqgrjhqrxv yduldeoh vxfk dv
\ @ ￿FK .[
3￿ .%>
zkhuh zh duh frqfhuqhg derxw hqgrjhqhlw| ri FK exw qrw [= Rqh frxog dozd|v xvh qrqolqhdu ixqfwlrqv
ri fryduldwhv lq [ dv lqvwuxphqwv/ exw wklv lv qrw ghhphg dssursuldwh1 Zh duh wdnlqj d vlplodu dssurdfk
khuh lq wkdw zh gr qrw zdqw lghqwl￿fdwlrq wr frph iurp wkh olqhdulw| dvvxpswlrq/ exw udwkhu iurp wkh
uhodwlrqvkls ehwzhhq revhuydeohv dqg xqrevhuydeohv1
56Zh devwudfw iurp prvw ri wkh uhfhqw olwhudwxuh rq surjudp hydoxdwlrq e| dvvxplqj wkdw ￿ grhv qrw
ydu| dfurvv lqglylgxdo1 Doorzlqj iru khwhurjhqhlw| lq wklv sdudphwhu dggv d qxpehu ri dgglwlrqdo lvvxhv
hyhq lq wkh suhvhqfh ri dq h{foxvlrq uhvwulfwlrq +vhh h1j1 Fdphurq dqg Khfnpdq +4<<;,/ Khfnpdq dqg
Uree +4<;8,/ Khfnpdq +4<<3,/ Lpehqv dqg Dqjulvw +4<<7,/ dqg Pdqvnl +4<;</4<<7,,1 Zh glvfxvv krz rqh
pljkw h{whqg rxu prgho lqwr wklv iudphzrun lq vhfwlrq 6191
57Rqh fdq dozd|v uhzulwh j+[,.% dv h j+[,.h % zkhuh h % lv phdq lqghshqghqw ri [ dqg h j+[, lv wkh
vxp ri wkh vwuxfwxudo h￿hfw ri [ rq \ dqg lwv lqgluhfw dvvrfldwlrq zlwk \ wkurxjk %1 Krzhyhu/ li FK lv
fruuhodwhg zlwk [/ wkhq lq prvw flufxpvwdqfhv FK zloo qrw eh phdq lqghshqghqw ri h %/ hyhq li FK lv phdq
lqghshqghqw ri %1 Vxssrvh rqh kdv dq lqvwuxphqwdo yduldeoh ] wkdw ghwhuplqhv FK dqg lv lqghshqghqw ri
%1 Xqohvv ] lv dovr phdq lqghshqghqw ri [/ lw lv xqolnho| wr eh phdq lqghshqghqw ri h %1 Lq qrqh{shulphqwdo
vlwxdwlrqv [ lv xqolnho| wr eh lqghshqghqw ri FK dqg ]1
4<fruuhodwlrqv ehwzhhq wkh revhuydeohv dqg xqrevhuyhg yduldeohv duh olnho|1 Lq Dsshqgl{ D
zh vkrz wkdw li wkh surfhvvhv gh￿qlqj ￿MW dqg t ￿k￿M duh vlplodu lq d pdqqhu zh pdnh
suhflvh/ wkhq Frqglwlrq 5 zloo krog diwhu }Ef￿ dqg 0 duh uhgh￿qhg vr wkdw }Ef￿ lv wkh vxp
ri wkh vwuxfwxudo h￿hfw ri f rq t dqg wkh lqgluhfw h￿hfw wkurxjk 01 Ixuwkhupruh/ lq prqwh
fduor uhvxowv qrw uhsruwhg/ zh glg qrw rewdlq odujh eldvhv hyhq zkhq wkh xqrevhuydeohv zhuh
fruuhodwhg zlwk wkh revhuydeohv lq wkh ruljlqdo gdwd jhqhudwlqj surfhvv/ zklfk surylghv vrph
dgglwlrqdo uhdvvxudqfh1
Lw lv zhoo nqrzq wkdw +6144, lv qrw lghqwl￿hg zlwkrxw ixuwkhu uhvwulfwlrqv1 Zh duh hvvhq0
wldoo| rqo| rqh sdudphwhu +ru rqh htxdwlrq, vkruw ri lghqwl￿fdwlrq158 Wklv uhvxow vxjjhvwv
wkdw rqh pruh uhvwulfwlrq rq wklv vhw ri htxdwlrqv pd| gholyhu lghqwl￿fdwlrq ri k￿ Zh qrz
vkrz wkdw sulru lqirupdwlrq derxw krz wkh revhuydeohv duh fkrvhq fdq vx!fh1
Lw wxuqv rxw wkdw Frqglwlrq 5 vrphwlphv gholyhuv srlqw lghqwl￿fdwlrq dqg dozd|v uhvwulfwv
wkh prgho vr wkdw wkh vroxwlrqv kW iru k duh wkh urrwv ri d fxelf1
Wkhruhp 5 Lq wkh vhohfwlrq prgho deryh ohw k eh wkh wuxh ydoxh ri wkh wuhdwphqw h￿hfw1
Xqghu Frqglwlrq 5/ lq wkh gdwd zh fdq lghqwli| wkh vhw D iru zklfk k lv d phpehu1 Gh￿qh
REf￿ dv wkh surshqvlw| vfruh REf￿ ￿ ￿hE￿M ’￿m f￿￿ Wkh vhw ri kW 5Dduh urrwv ri wkh
fxelf



















































Vlqfh wkhuh lv qr frqvwdqw whup kW ’ k lv rqh urrw ri wkh fxelf1 H{fhsw iru sdwkrorjlfdo
58Lq sduwlfxodu/ li ￿ zhuh nqrzq/ wkh v|vwhp ri htxdwlrqv zrxog eh lghqwl￿hg1 Wr vhh wklv/ ￿uvw qrwh wkdw
zlwk nqrzohgjh ri ￿/ zh frxog lghqwli| j+[, vlqfh
H+\ ￿ ￿FK m [,@j+[,= +6145,
Rqh fdq lghqwli| e+[, dqg wkh glvwulexwlrq ri x xqghu vx!flhqw qrupdol}dwlrqv vlqfh wklv lv d vwdqgdug
elqdu| fkrlfh prgho1 Jlyhq e+[,/ j+[,> dqg ￿> wkh mrlqw glvwulexwlrq ri +x>%, fdq eh lghqwl￿hg e| ydu|lqj
e+[,= Iru d glvfxvvlrq vhh Khfnpdq dqg Uree +4<;8,1
53fdvhv/ wkhuh zloo eh hlwkhu qr rwkhu uhdo urrwv/ ru wzr rwkhuv159
Wkh idfw wkdw zh vrphwlphv rewdlq wkuhh vroxwlrqv lv qrw d frqvhtxhqfh ri dvvxplqj wkh
￿xqrevhuydeohv duh olnh wkh revhuydeohv￿ shu vh/ exw udwkhu d frqvhtxhqfh ri wkh sduwlfxodu
irup ri uhvwulfwlrq wkdw zh xvh1 Wr vhh wklv frqvlghuwkh iroorzlqj dowhuqdwlyh frqglwlrq zklfk

















Lq wklv fdvh zh duulyh dw dq h{dfw lghqwl￿fdwlrq uhvxow1
Wkhruhp 6 Dvvxpswlrqv 4 dqg Frqglwlrq 6 duh vx!flhqw wr lghqwli| k lq wkh vhohfwlrq
prgho gh￿qhg deryh1
+Surri lq Dsshqgl{ D,
Wkh vrxufh ri wkh gl￿huhqfh lq wkh uhvxowv ehwzhhq xvlqj Frqglwlrq 5 dqg Frqglwlrq
6 lv lq wkh ghqrplqdwruv1 Lq Frqglwlrq 6 wkh ghqrplqdwruv rq wkh wzr vlghv ri wkh htxd0
wlrq/ ￿@oEKEf￿￿ dqg ￿@oE￿￿c duh lghqwl￿hg gluhfwo| iurp wkh elqdu| fkrlfh prgho iru ￿M1
Fkdqjlqj k grhv qrw fkdqjh wkh ydoxh ri wkhvh1 Krzhyhu/ lq Frqglwlrq 5 wkh ghqrplqdwruv/
￿@oE}Ef￿￿ dqg ￿@oE0￿c duh qrw lghqwl￿hg zlwkrxw nqrzohgjh ri k1 Lq sduwlfxodu/ gh￿qlqj
EkWc}Wc0 W￿ wr eh dq dowhuqdwlyh srvvlelolw| iru Ekc}c0￿/ rqh pd| zulwh ￿@oE}WEf￿￿ dv
￿@oE}
WEf￿￿ ’ ￿@oE}Ef￿nE k ￿ k
W￿REf￿￿ +6146,
’ ￿@oE}Ef￿ ￿n2E k ￿ k
W￿SJ￿E}Ef￿cREf￿ ￿nE k ￿ k
W￿
2 ￿@oEREf￿￿￿






59Li doo wkuhh frh!flhqwv ri wkh fxelf duh 3/ wkhuh duh lq￿qlwho| pdq| vroxwlrqv1 Li wkh fxelf lv wdqjhqw wr
3/ wkhuh fdq eh wzr urrwv1 Zkloh erwk ri wkhvh fdvhv duh srvvleoh/ wkh| duh yhu| vshfldo1
54Wkh uljkw kdqg vlgh lv wkh surgxfw ri ￿@oE}WEf￿￿c zklfk lv txdgudwlf lq Ek ￿ kW￿c dqg
SJ￿E￿c0W￿c zklfk lv olqhdu lq Ek ￿ kW￿￿ Wklv |lhogv d fxelf1
Lw lv qrw fohdu krz pxfk zh vkrxog zruu| derxw wklv srwhqwldo sureohp1 Frqvlghu
htxdwlrq +6146,1 Zh vxvshfw wkdw lq w|slfdo dssolfdwlrqv/ wkh frqwulexwlrq ri EkW ￿k￿REf￿
wr wkh yduldqfh ri }WEf￿ zloo eh vpdoo uhodwlyh wr ￿@oE}Ef￿￿ zkhq kW uhpdlqv zlwklq d
uhdvrqdeoh udqjh1 Lq wklv fdvh wkh rwkhu wzr urrwv duh qrw zruulvrph vlqfh wkh| lqyroyh
fkdqjhv lq ￿@oE}WEf￿￿ rxwvlgh wkh udqjh ri sodxvlelolw|1 Zkloh ￿@oE}WEf￿￿ lv lqvhqvlwlyh wr
uhdvrqdeoh ydoxhv ri kW lq rxu hpslulfdo zrun/ xowlpdwho| wkh txhvwlrq ri zkhwkhu wklv lv
wuxh lq prvw dssolfdwlrqv fdq rqo| eh dqvzhuhg wkurxjk hpslulfdo lpsohphqwdwlrq1
617 Frqwlqxrxv Hqgrjhqrxv Yduldeohv
Wkh glvfxvvlrq lq wkh suhylrxv vxevhfwlrq irfxvhg rq d prgho vxfk dv Fdwkrolf vfkrrolqj lq
zklfk ￿M lv elqdu| dqg wkh uhvwulfwlrq dssolhv wr wkh xqghuo|lqj odwhqw yduldeoh1 Krzhyhu/
wkh olqn ehwzhhq ￿M dqg ￿MW lq wkh wkhru| vhfwlrq lv qrw uhvwulfwhg wr ￿M ’￿ E ￿MW : f￿￿
Pdq| srwhqwldo dssolfdwlrqv ri wkh lghd lqyroyh frqwlqxrxv hqgrjhqrxv yduldeohv1 Zh fdq
lqfrusrudwh wklv lqwr wkh prgho e| dvvxplqj wkdw ￿M ’ ￿MW￿ Frqvlghu wkh prgho
￿M ’ KEf￿n￿ +6147,
t ’ k￿M n }Ef￿n0c
zkhuh E￿c0￿ kdyh }hur h{shfwhg ydoxh frqglwlrqdo rq f exw pd| eh fruuhodwhg zlwk hdfk
rwkhu/ zklfk lpsolhv wkdw 0 pd| eh fruuhodwhg zlwk ￿M1 Lq wklv fdvh zh rewdlq d vwurqjhu








Wkhruhp 7 Zlwk wkh frqwlqxrxv hqgrjhqrxv yduldeoh prgho +6147,/ xqghu Frqglwlrq 5




+Surri lq Dsshqgl{ D,
Dowkrxjk wkhuh duh wzr urrwv/ wklv uhvxow lv yhu| xvhixo1 Lq prvw fdvhv lq zklfk dq dssolhg
uhvhdufkhu lv zruulhg derxw wkh eldv lq d uhjuhvvlrq w|sh hvwlpdwru/ kh ru vkh kdv d vwurqj
sulru derxw wkh vljq ri wkh eldv/ zklfk lv wkh vljq ri SJ￿E￿c0￿￿ Lpsrvlqj dq dvvxpswlrq
55derxw wkh vljq ri SJ￿E￿c0￿ rq wkh gdwd gholyhuv srlqw lghqwl￿fdwlrq> li rqh lpsrvhv wkdw
SJ￿E￿c0￿ lv srvlwlyh +qhjdwlyh,/ wkhq wkh vpdoohu +odujhu, ri wkh wzr hohphqwv lq D lv wkh
wuxh ydoxh1
Zkhq ￿M lv elqdu|/ Prgho +6147, lv vlplodu wr d olqhdu suredelolw| prgho1 Lq wkh qrwd0
wlrq ri wkh suhylrxv vhfwlrq zh fdq zulwh wklv dv KEf￿’REf￿￿ Wkh sureohp lq lqwhusuhwlqj
wkh olqhdu suredelolw| prgho lv wkdw wkh huuru whup ￿ wdnhv rq wzr ydoxhv/ ￿ ￿ REf￿ zlwk
suredelolw| REf￿ dqg ￿REf￿ zlwk suredelolw| E￿￿RE%￿￿￿ Rxu xqghuo|lqj prgho wuhdwv wkh
uhodwlrqvkls ehwzhhq wkh xqrevhuydeohv dv li lw zhuh vlplodu wr wkh uhodwlrqvkls ehwzhhq
wkh revhuydeohv1 Lq wkh olqhdu suredelolw| fdvh REf￿ lv frqwlqxrxv zkloh ￿ lv elqdu| zlwk d
glvwulexwlrq wkdw lv ghwhuplqhg e| REf￿/ zklfk lv gl!fxow wr mxvwli| xvlqj rxu frqglwlrq1
Wklv sureohp grhv qrw dulvh iru frqwlqxrxv hqgrjhqrxv yduldeohv1
618 Xvlqj dq Lqydolg Lqvwuxphqwdo Yduldeoh
Lq wklv vhfwlrq zh h{whqg wkh uhvxowv deryh wr wkh fdvh lq zklfk wkh uhvhdufkhu zrunv zlwk
dq lqydolg lqvwuxphqwdo yduldeoh ~ wkdw lv fruuhodwhg zlwk wkh huuru whup lq wkh rxwfrph
htxdwlrq1 Iru vlpsolflw| zh irfxv rq wkh olqhdu fdvh dqg pdlqwdlq rxu qrwdwlrq
t ’ k￿M n f
￿￿ n 0c
zkhuh f lv revhuydeoh exw 0 lv qrw1 Rqfh djdlq zh dvvxph wkdw f lv xqfruuhodwhg zlwk 0/
exw ￿M lv srwhqwldoo| hqgrjhqrxv dqg wkxv fruuhodwhg zlwk 01 Zh dvvxph rxu lqvwuxphqw
~ grhv qrw lq xhqfh t gluhfwo|/ exw lv fruuhodwhg zlwk ￿M￿ Krzhyhu/ ~ lv qrw qhfhvvdulo|
d ydolg lqvwuxphqw ehfdxvh lw pljkw eh fruuhodwhg zlwk 0￿ Zh h{whqg wkh lghd ri xvlqj wkh
gdwd jhqhudwlrq surfhvv iru lghqwl￿fdwlrq e| vkrzlqj wkdw li wkh uhodwlrqvkls ehwzhhq f￿￿
dqg ~ lv vlplodu wr wkh uhodwlrqvkls ehwzhhq 0 dqg ~/ wkhq zh fdq rewdlq lghqwl￿fdwlrq1




￿q n b~c +6149,
dqg gh￿qh ￿ dqg ￿ dv wkh uhvlgxdov ri wkhvh uhjuhvvlrqv/ vr wkdw
~ ’ f
￿Z n ￿c +614:,
￿M ’ f
￿q n b~ n ￿￿ +614;,
56Frqvlghu wkh uhjuhvvlrq ri t rqwr wkh suhglfwhg ydoxh SurmE￿M m fc~￿ dqg f1 Wkh frh!0
flhqw rq wkh suhglfwhg ydoxh lq wklv uhjuhvvlrq frqyhujhv wr




Li ~ lv d ydolg lqvwuxphqw/ ￿ zrxog eh xqfruuhodwhg zlwk 0 dqg e k zrxog htxdo k￿
Fdq rxu dvvxpswlrq derxw wkh uhodwlrqvkls ehwzhhq xqrevhuydeohv dqg revhuydeohv slq







uhvwulfwv wkh vroxwlrqv kW wr eh wkh vroxwlrqv ri d fxelf htxdwlrq/ rqh ri zklfk lv @1 Wklv
phdqv wkdw w|slfdoo| wkhuh duh hlwkhu wkuhh vroxwlrqv +l1h1 wkuhh ydoxhv ri kW wkdw zh fdq qrw
glvwlqjxlvk ehwzhhq, ru wkhuh lv d xqltxh vroxwlrq wkdw htxdov k￿ Wkh ghwdlov duh surylghg
lq vhfwlrq D19 ri Dsshqgl{ D1
619 Khwhurjhqhlw| lq wkh H￿hfwv ri Fdwkrolf Vfkrrov
Rxu dqdo|vlv h{whqgv lq d qdwxudo zd| wr wkh fdvh ri khwhurjhqhlw| lq wkh h￿hfw ri dwwhqglqj
Fdwkrolf vfkrro1 Ohw tS￿ dqg tR eh wkh rxwfrphv frqglwlrqdo rq fkrlfh ri Fdwkrolf kljk
vfkrro dqg sxeolf kljk vfkrro/ uhvshfwlyho|/ iru d jlyhq vwxghqw1 Dv deryh ohw ‘ eh wkh vhw
ri fryduldwhv wkdw ixoo| ghwhuplqh tS￿ dqg tR dqg ohw f eh wkh revhuyhg frpsrqhqwv ri ‘1
Wkh khwhurjhqhrxv h￿hfwv prgho pd| eh zulwwhq dv
tS￿ ’ }S￿Ef￿n0S￿ +614<,
tR ’ }REf￿n0R +6153,
zkhuh tS￿ lv revhuyhg li ￿MW ￿ f/ lq zklfk fdvh ￿M ’￿ c dqg tR lv revhuyhg rwkhuzlvh1 Rxu
suhylrxv vshfl￿fdwlrq lv d vshfldo fdvh ri wklv prgho lq zklfk }S￿Ef￿ ￿ }REf￿ lv frqvwdqw
dqg 0S￿ ’ 0R1 Wuhdwlqj wkh gdwd jhqhudwlrq surfhvv iru tS￿ dqg tR dv htxlydohqw wr wkh gdwd





Wkhvh uhvwulfwlrqv fdq eh xvhg wr khos lghqwli| wkh prgho lq d zd| wkdw lv gluhfwo|
dqdorjrxv wr rxu xvh ri Frqglwlrq 4 wr lghqwli| wkh prgho lq wkh krprjhqhrxv h￿hfwv fdvh1
57Zh frqmhfwxuh wkdw li wkh f yduldeohv duh d udqgrp vxevhw ri ‘ dqg wkh qxpehu ri hohphqwv
ri ‘ dqg f lv odujh/ wkhq wkh mrlqw glvwulexwlrq ri EKEf￿c} S￿Ef￿c} REf￿￿ lv wkh vdph dv
wkh mrlqw glvwulexwlrq ri E￿c0S￿c0 R￿ xs wr d vfdoh sdudphwhu wkdw ghshqgv rq wkh iudfwlrq ri
hohphqwv ri ‘ wkdw duh revhuyhg +l1h1/ sduw ri f,1 Li wklv lv wkh fdvh/ wkhq d qrqsdudphwulf
ru vhplsdudphwulf dqdo|vlv pd| eh srvvleoh/ dw ohdvw lq wkhru|1 Zh ohdyh d ixoo dqdo|vlv ri
wklv fdvh wr ixwxuh zrun1
61: Uhohydqfh wr wkh Vwxg| ri wkh Fdwkrolf Vfkrro H￿hfw
Zh kdyh gdwd rq d eurdg vhw ri idplo| edfnjurxqg phdvxuhv/ whdfkhu hydoxdwlrqv/ whvw
vfruhv/ judghv/ dqg ehkdylrudo rxwfrphv lq hljkwk judgh/ dv zhoo dv phdvxuhv ri sur{lplw|
wr d Fdwkrolf kljk vfkrro1 Wkhvh phdvxuhv kdyh vxevwdqwldo h{sodqdwru| srzhu iru wkh
rxwfrphv wkdw zh h{dplqh/ dqg d odujh qxpehu ri wkh yduldeohv sod| d uroh/ sduwlfxoduo| lq
wkh fdvh ri kljk vfkrro judgxdwlrq dqg froohjh dwwhqgdqfh1 Rqfh zh uhvwulfw wkh vdpsoh wr
Fdwkrolf hljkwk judghuv dqg frqglwlrq rq Fdwkrolf uholjlrq dqg glvwdqfh iurp d Fdwkrolf kljk
vfkrro/ d eurdg vhw ri yduldeohv pdnh plqru frqwulexwlrqv wr wkh suredelolw| ri Fdwkrolf kljk
vfkrro dwwhqgdqfh1 Wkh uhodwlyho| odujh qxpehu dqg zlgh ydulhw| ri revhuydeohv wkdw hqwhu
lqwr rxu sureohp vxjjhvwv wkdw revhuydeohv pd| surylgh d xvhixo jxlgh wr wkh xqrevhuydeohv1
Krzhyhu/ wkhuh duh vwurqj uhdvrqv wr h{shfw wkdw wkh uhodwlrqvkls dprqj wkh xqrevhuy0
deohv zloo eh zhdnhu wkdq wkh uhodwlrqvkls dprqj wkh revhuydeohv1 Wkh prvw lpsruwdqw lv
wkdw vkrfnv wkdw rffxu diwhu hljkwk judgh duh h{foxghg iurp f15: Wkhvh zloo lq xhqfh kljk
vfkrro rxwfrphv exw qrw wkh suredelolw| ri vwduwlqj d Fdwkrolf kljk vfkrro15; Wr vhh wklv/
dxjphqw wkh prgho e| uhzulwlqj 0 dv 0 ’ 0￿ n 02/ zkhuh 0￿ lv ghwhuplqhg gxulqj hljkwk




t ’ k￿M n }Ef￿n0￿ n 02￿
Vlqfh wkh revhuydeohv f dqg wkh rwkhu xqrevhuydeoh ￿ duh ghwhuplqhg gxulqj hljkwk judgh/
5:D vhfrqg uhdvrq lv wkdw lw lv txlwh srvvleoh wkdw dprqj Fdwkrolf hljkwk judghuv wkh ghflvlrq wr dwwhqg
Fdwkrolf kljk vfkrro lv lq xhqfhg e| kljko| lglrv|qfudwlf suhihuhqfh yduldeohv/ vxfk dv wkh uholjlrxv eholhiv
ri wkh sduhqwv/ zkhwkhu forvh iulhqgv ri wkh vwxghqw duh jrlqj wr Fdwkrolf kljk vfkrro/ zkhwkhu wkh sduhqwv
dwwhqghg Fdwkrolf kljk vfkrro/ wkh lq xhqfh ri d sduwlfxodu hljkwk judgh whdfkhu ru plqlvwhu/ wkh txdolw|
ri wkh vfkrro edqg ru vsruwv whdpv/ wkh orjlvwlfv ri jhwwlqj wr dqg iurp wkh vfkrro/ ru wudqvlwru| yduldwlrq
lq wkh ￿qdqfhv ri wkh idplo|1 Zh vxvshfw wkdw pdq| ri wkhvh idfwruv kdyh frh!flhqwv lq wkh rxwfrph dqg
vfkrro fkrlfh htxdwlrqv wkdw duh txlwh gl￿huhqw zlwk vrph ehlqj srvlwlyho| fruuhodwhg zlwk rxwfrphv dqg
rwkhuv qhjdwlyho| fruuhodwhg1 Wklv zrxog dovr ohdg xv wr ryhuhvwlpdwh wkh dprxqw ri fruuhodwlrq1
5;Lq wkh fdvh ri wkh 43wk dqg 45wk judgh whvw vfruhv/ % zloo dovr uh hfw yduldelolw| lq whvw shuirupdqfh rq
d sduwlfxodu gd|/ zklfk suhvxpdeo| kdv qrwklqj wr gr zlwk wkh ghflvlrq wr vwduw Fdwkrolf kljk vfkrro1











Lq wkh hpslulfdo zrun ehorz/ zh xvh hvwlpdwhv ri k wkdw lqfrusrudwh Frqglwlrq 5 dv dq
lqirupdo orzhu erxqg iru k/ dqg vlqjoh htxdwlrq hvwlpdwhv zlwk ￿M wuhdwhg dv h{rjhqrxv dv
dq xsshu erxqg1 Li wkh orzhu erxqg hvwlpdwhv srlqw wr d vxevwdqwldo Fdwkrolf vfkrro h￿hfw/
zh lqwhusuhw wklv dv vwurqj hylghqfh lq idyru ri vxfk dq h￿hfw1 Dv lw wxuqv rxw/ iru vrph
rxwfrphv dqg vdpsohv/ vxfk dv kljk vfkrro judgxdwlrq/ wkh vlqjoh htxdwlrq hvwlpdwhv duh vr
odujh uhodwlyh wr wkh ghjuhh ri vhohfwlrq rq wkh revhuydeohv wkdw wkh orzhu erxqg hvwlpdwh lv
vwloo vxevwdqwldo1 Lq rwkhu fdvhv/ hyhq dq dprxqw ri vhohfwlrq rq wkh xqrevhuydeohv wkdw lv
vpdoo uhodwlyh wr wkh vhohfwlrq rq wkh revhuydeohv lv vx!flhqw wr holplqdwh wkh hqwluh Fdwkrolf
Vfkrro h￿hfw1
7 Dgmxvwlqj iru Vhohfwlrq Eldv Xvlqj Vhohfwlrq rq wkh
Revhuydeohv
Zh qrz h{dplqh wkh vhqvlwlylw| ri wkh hvwlpdwhv ri wkh Fdwkrolf kljk vfkrro h￿hfw wr
dvvxpswlrqv derxw wkh fruuhodwlrq ehwzhhq wkh xqrevhuyhg idfwruv wkdw ghwhuplqh ￿M dqg
wkh ydulrxv rxwfrphv t 1 Zh ehjlq e| vlpso| glvsod|lqj hvwlpdwhv ri wkh Fdwkrolf vfkrro
h￿hfw iru d udqjh ri ydoxhv ri wkh fruuhodwlrq ehwzhhq wkh xqrevhuyhg ghwhuplqdqwv ri
vfkrro fkrlfh lq wkh rxwfrph1 Zh wkhq xvh wkh h{wuhph dvvxpswlrq wkdw wkh uhodwlrqvkls
ehwzhhq wkh xqrevhuyhg dqg revhuyhg ghwhuplqdqwv ri vfkrro fkrlfh dqg wkh rxwfrphv duh
wkh vdph wr surylgh d orzhu erxqg rq wkh Fdwkrolf vfkrro h￿hfw/ jlyhq wkdw vhohfwlrq rq
wkh xqrevhuydeohv lv olnho| wr eh zhdnhu wkdq vhohfwlrq rq wkh revhuydeohv1
Frqvlghu wkh elyduldwh surelw prgho
￿M￿ ’￿ E f
￿
￿q n ￿:f￿ +714,
t￿ ’￿ E f
￿












Zkloh wklv prgho lv irupdoo| lghqwl￿hg zlwkrxw dq h{foxvlrq uhvwulfwlrq/ vhplsdudphwulf
lghqwl￿fdwlrq uhtxluhv vxfk dq h{foxghg yduldeoh1 Lq wkh vslulw ri wkh suhylrxv vhfwlrq/ rxu
59wkrxjkw h{huflvh lq wklv vhfwlrq lv wr wuhdw wklv prgho dv li lw zhuh xqghulghqwl￿hg e| rqh
sdudphwhu1 Lq sduwlfxodu/ zh dfw dv li 4 lv qrw lghqwl￿hg1 Lq vhfwlrq 714 zh surylgh d
vhqvlwlylw| dqdo|vlv lq zklfk zh hvwlpdwh wkh prgho uhvwulfwlqj 4 wr gl￿huhqw ydoxhv1 Lq
vhfwlrq 715 zh xvh Frqglwlrq 5 wr slq grzq wkh ydoxh ri 4￿
714 D Vhqvlwlylw| Dqdo|vlv1
Lq Wdeoh : zh glvsod| hvwlpdwhv ri Fdwkrolf vfkrrolqj h￿hfwv wkdw fruuhvsrqg wr ydulrxv
dvvxpswlrqv derxw 4/ wkh fruuhodwlrq ehwzhhq wkh huuru frpsrqhqwv lq wkh htxdwlrq iru ￿M
dqg t 15< Zh uhsruw uhvxowv iru kljk vfkrro judgxdwlrq lq wkh wrs sdqho dqg froohjh dwwhq0
gdqfh lq wkh erwwrp sdqho/ dqg lqfoxgh erwk surelw frh!flhqwv dqg dyhudjh ghulydwlyhv ri
wkh rxwfrph suredelolwlhv +lq eudfnhwv,1 Zh lqfoxgh idplo| edfnjurxqg/ hljkwk judgh whvwv/
dqg rwkhu hljkwk judgh phdvxuhv1 Krzhyhu/ ehfdxvh ri frqyhujhqfh sureohpv lq hvwlpdwlqj
wkh elyduldwh surelw prghov zh holplqdwhg wkh gxpp| yduldeohv iru krxvhkrog frpsrvlwlrq
+exw qrw pdulwdo vwdwxv ri sduhqwv,/ xuedqlflw|/ uhjlrq/ dqg lqglfdwruv iru ￿vwxghqw uduho|
frpsohwhv krphzrun￿/ ￿vwxghqw shuirupv ehorz delolw|￿/ ￿vwxghqw lqdwwhqwlyh lq fodvv￿/ ￿d
olplwhg Hqjolvk sur￿flhqf| lqgh{￿/ dqg ￿sduhqwv frqwdfwhg derxw ehkdylru￿ iurp wkh vhw ri
frqwurov1 Zh ydu| 4 iurp 3 +wkh surelw fdvh wkdw zh kdyh douhdg| frqvlghuhg deryh, wr 318
e| hvwlpdwlqj surelw prghov frqvwudlqlqj 4 wr wkh vshfl￿hg ydoxh1 Iru wkh ixoo vdpsoh/ wkh
udz gl￿huhqfh lq wkh kljk vfkrro judgxdwlrq suredelolw| lv 31451 Zkhq 4 ’fwkh hvwlpdwhg
h￿hfw lv 3138;/ dqg wkh ￿jxuh ghfolqhv wr 3136: zkhq 4 ’f ￿￿ dqg wr 31344 li 4 ’f ￿21 Jlyhq
wkh vwurqj uhodwlrqvkls ehwzhhq wkh revhuydeohv wkdw ghwhuplqh kljk vfkrro judgxdwlrq dqg
Fdwkrolf vfkrro dwwhqgdqfh lq wkh ixoo vdpsoh/ wkh hylghqfh iru d vwurqj Fdwkrolf vfkrro
h￿hfw lv frqvlghudeo| zhdnhu wkdq wkh hvwlpdwhv wkdw wdnh Fdwkrolf vfkrro dwwhqgdqfh dv
h{rjhqrxv vxjjhvw1
Iru rxu suhihuuhg vdpsoh ri Fdwkrolf ;wk judghuv/ wkh uhvxowv duh ohvv vhqvlwlyh wr 4￿ Wkh
h￿hfw rq kljk vfkrro judgxdwlrq lv 313:; zkhq 4 ’f czklfk lv voljkwo| ehorz wkh hvwlpdwh zh
rewdlq zlwk wkh ixoo vhw ri frqwurov lq Wdeoh 61 Lw ghfolqhv wr 3136; zkhq 4 ’f ￿￿ dqg lv vwloo
srvlwlyh zkhq 4 ’f ￿D1 Wkxv/ iru wkh Fdwkrolf ;wk judgh vdpsoh/ wkh fruuhodwlrq ehwzhhq
wkh xqrevhuydeoh frpsrqhqwv ri Fdwkrolf vfkrro dwwhqgdqfh dqg kljk vfkrro judgxdwlrq
zrxog kdyh wr eh juhdwhu wkdq 318 wr h{sodlq wkh hvwlpdwhg h￿hfw xqghu wkh qxoo ri qr
￿wuxh￿ Fdwkrolf kljk vfkrro h￿hfw1
Lq wkh erwwrp sdqho ri Wdeoh : zh suhvhqw wkh uhvxowv iru froohjh dwwhqgdqfh1 Iru wkh ixoo
vdpsoh/ wkh uhvxowv duh yhu| vlplodu wr wkh kljk vfkrro judgxdwlrq uhvxowv1 Wkh hylghqfh iru
5<Vhh Urvhqedxp +4<<8, iru h{dpsohv ri wklv w|sh ri vhqvlwlylw| dqdo|vlv1
5:d srvlwlyh h￿hfw ri ￿M rq froohjh dwwhqgdqfh lv vwurqjhu lq wkh Fdwkrolf ;wk judgh vdpsoh
wkdq lq wkh ixoo vdpsoh/ zlwk wkh h￿hfw uhpdlqlqj srvlwlyh xqwlo 4 lv derxw f￿￿1 Krzhyhu/ lq
wklv vdpsoh wkh vwurqjhvw hylghqfh lv iru d srvlwlyh h￿hfw ri ￿M rq kljk vfkrro judgxdwlrq1
Vlqfh Wdeoh 4 vxjjhvwv wkdw wkhuh lv rqo| olplwhg vhohfwlrq rq revhuydeohv/ lw dsshduv wkdw
wkh dprxqw ri ￿vhohfwlrq rq xqrevhuydeohv￿ zrxog kdyh wr eh d kljkhu wkdq wkh dprxqw ri
￿vhohfwlrq rq revhuydeohv￿ wr dffrxqw iru wkh judgxdwlrq h￿hfw1 Zh h{soruh wklv lvvxh pruh
irupdoo| lq wkh qh{w wzr vhfwlrqv1
715 Xvlqj wkh lqglfhv ri Revhuydeohv lq wkh Vfkrro Fkrlfh dqg
Rxwfrph Htxdwlrqv dv d ydoxh iru 4￿
Qrz zh hvwlpdwh wkh prgho jlyhq e| +714,/ +715,/ dqg +716,/ vxemhfw wr Frqglwlrq 5/ zklfk







Zh wdnh wzr dssurdfkhv wr hvwlpdwlqj wkh prgho zkloh lpsrvlqj wklv uhvwulfwlrq1 Wkh
￿uvw lv wr xvh wkh Fdwkrolf hljkwk judgh vdpsoh gluhfwo|1 Wr lpsuryh suhflvlrq ri wkh
hvwlpdwhv ri k dqg dv d fkhfn rq wkh urexvwqhvv ri wkh uhvxowv/ zh hpsor| dq dowhuqdwlyh
phwkrg xvlqj lqirupdwlrq frqwdlqhg lq wkh sxeolf ;wk judgh vdpsoh1 Zh sduwlwlrq f dqg ￿
lqwr wkh vxeyhfwruv if￿cf 2￿￿fCj dqg i￿￿c￿2c￿￿￿c￿Cj frqvlvwlqj ri yduldeohv dqg sdudphwhuv
wkdw idoo lqwr wkh vdph fdwhjru|1 Lq sudfwlfh/ C lv 9￿ Zh hvwlpdwh ￿ rq wkh sxeolf ;wk judgh
vdpsoh rq wkh jurxqgv wkdw yhu| ihz vxfk vwxghqwv jr wr Fdwkrolf vfkrro/ dqg vr vhohfwlylw|
zloo qrw lq xhqfh wkh hvwlpdwhv ri ￿ hyhq wkrxjk wkh phdq ri wkh huuru whup pd| eh
gl￿huhqw iru wklv vdpsoh1 Zh wkhq dvvxph wkdw wkh ydoxhv ri ￿ duh wkh vdph iru vwxghqwv
iurp Fdwkrolf dqg sxeolf ;wk judghv/ xs wr d sursruwlrqdolw| idfwru iru hdfk vxeyhfwru1
Qrwh wkdw wkh xqlyduldwh prghov uhsruwhg deryh iru wkh ixoo vdpsoh lpsolflwo| dvvxph wkdw
￿ grhv qrw ghshqg rq wkh vhfwru ri wkh ;wk judgh1 Zh duh uhod{lqj wkdw dvvxpswlrq wr vrph
h{whqw164




￿￿￿ lv olnho| wr h{fhhg wkh wuxh ydoxh ri 41 Frqvhtxhqwo|/ zh ylhz
63Nhhs lq plqg wkdw lq wkh elqdu| surelw wkh yduldqfhv ri % dqg x duh qrupdol}hg wr 41
64Wkh uhvwulfwlrqv sdvv zlwk d s0ydoxh ri 145 lq wkh kljk vfkrro judgxdwlrq fdvh/ exw idlo zlwk d s0ydoxh ri
136 lq wkh froohjh dwwhqgdqfh fdvh/ odujho| ehfdxvh wkh uhvwulfwlrq idlov iru wkh frh!flhqwv rq glvwdqfh iurp




￿￿￿ dv dq xsshu erxqg iru 4 dqg wuhdw lw dv vxfk lq dvvhvvlqj wkh
hylghqfh1
Lq Wdeoh ;/ zh suhvhqw hvwlpdwhv xvlqj phwkrgv 4 dqg 5 wr lpsrvh wkh uhvwulfwlrq/
irfxvlqj rq wkh uhvxowv iru wkh Fdwkrolf hljkwk judgh vdpsoh1 Wkh hvwlpdwh ri 4 lv 3157/ wkh
hvwlpdwh ri k lv 318< +3166,/ zklfk lpsolhv dq h￿hfw ri 313: rq wkh suredelolw| ri kljk vfkrro
judgxdwlrq1 Frqvhtxhqwo|/ hyhq zlwk wkh h{wuhph dvvxpswlrq lpsrvhg/ wkhuh lv hylghqfh
ri d odujh srvlwlyh h￿hfw ri dwwhqglqj Fdwkrolf kljk vfkrro rq kljk vfkrro judgxdwlrq1
Wkh uhvxowv iru froohjh dwwhqgdqfh iroorz d vlplodu sdwwhuq1 Wkh uhjuhvvlrq uhodwlrqvkls
ehwzhhq wkh lqglfhv ri revhuydeohv wkdw ghwhuplqh ￿M dqg froohjh dwwhqgdqfh lv vx!flhqwo|
vwurqj wkdw lpsrvlqj wkh uhvwulfwlrq ohdgv wr d uhgxfwlrq lq wkh hvwlpdwhg h￿hfw ri Fdwkrolf
vfkrrolqj1 Wkh srlqw hvwlpdwh ri 313: lv vxevwdqwldo/ dowkrxjk lw lv qrw vwdwlvwlfdoo| vljql￿0
fdqw jlyhq rxu vdpsoh vl}h1
Zkhq zh xvh phwkrg 5/ zh rewdlq txdolwdwlyho| vlplodu uhvxowv wkdw srlqw wr dq hyhq
odujhu h￿hfw ri Fdwkrolf vfkrrolqj rq kljk vfkrro judgxdwlrq￿lq wklv vshfl￿fdwlrq/ 4 lv rqo|
313< dqg wkh hvwlpdwh ri wkh h￿hfw rq wkh judgxdwh suredelolw| lv 313<1 Wkh froohjh h￿hfw
lv rqo| 31351 Wkh uhvwulfwlrqv rq ￿ uhvwulfwlrqv sdvv zlwk d s0ydoxh ri 145 lq wkh kljk vfkrro
judgxdwlrq fdvh/ exw idlo zlwk d s0ydoxh ri 136 lq wkh froohjh dwwhqgdqfh fdvh/ vr shukdsv
wkh phwkrg 5 uhvxowv iru froohjh dwwhqgdqfh vkrxog eh glvfrxqwhg1 Ghwdlov duh lq Wdeoh ;
qrwh 7165
716 Wkh Uhodwlyh Dprxqw ri Vhohfwlrq rq Xqrevhuydeohv Uhtxluhg
wr Holplqdwh wkh Fdwkrolf Vfkrro H￿hfw
Lq wklv vhfwlrq zh surylgh d gl￿huhqw/ pruh lqirupdo zd| wr xvh lqirupdwlrq derxw vhohfwlrq
rq wkh revhuydeohv dv d jxlgh wr vhohfwlrq rq wkh xqrevhuydeohv wkdw shuplwv xv wr xvh wkh
Fdwkrolf kljk vfkrro lqglfdwru gluhfwo|1 Frqvlghu wkh dowhuqdwlyh uhvwulfwlrq/
65Iru frpsohwhqhvv/ zh dovr suhvhqw hvwlpdwhv ri ￿ dqg ￿ iurp dq xquhvwulfwhg elyduldwh surelw rq wkh
Fdwkrolf vfkrro vdpsoh1 Wkh hvwlpdwhv ￿ dqg ￿ iru kljk vfkrro judgxdwlrq duh txlwh forvh wr wkh uhvwulfwhg
hvwlpdwhv/ dowkrxjk wklv lv d pdwwhu ri oxfn lq ylhz ri wkh odujh vwdqgdug huuruv1 Lq wkh froohjh dwwhqgdqfh
fdvh zh rewdlq d odujh dqg lpsodxvleo| qhjdwlyh ydoxh ri ￿ htxdo wr 03185 dqg dq lpsodxvleo| odujh exw yhu|
lpsuhflvh hvwlpdwh ri ￿ htxdo wr 414;1 Dv Jurjjhu dqg Qhdo +4<<<, qrwh/ d ￿qglqj ri qhjdwlyh vhohfwlrq
rq xqrevhuydeohv edvhg rq elyduldwh surelw prghov lv qrw xqfrpprq lq wkh Fdwkrolf vfkrrov olwhudwxuh
dqg lv vrphwlphv dwwulexwhg wr suh0h{lvwlqj gl￿huhqfhv lq vwxghqw prwlydwlrq ru glvflsolqh wkdw duh srruo|
fdswxuhg lq h{lvwlqj gdwd vhwv1 Zh duh yhu| vnhswlfdo ri wklv lqwhusuhwdwlrq ehfdxvh wkh ulfk vhw ri ;wk judgh
vwxghqw ehkdylru phdvxuhv lq QHOV=;; srlqw wr srvlwlyh vhohfwlrq pruh ru ohvv dfurvv wkh erdug1 Rxu ylhz
lv wkdw zlwkrxw h{foxvlrq uhvwulfwlrqv ru d uhvwulfwlrq vxfk dv Frqglwlrq 5/ lghqwl￿fdwlrq ri ￿ dqg ￿ lv yhu|
whqxrxv1 Zh sodfh olwwoh zhljkw rq wkh xquhvwulfwhg hvwlpdwhv1
5<Frqglwlrq 7
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Wklv frqglwlrq lpsolhv wkdw wkh uhodwlrqvkls ehwzhhq Fdwkrolf kljk vfkrro dqg wkh or0
fdwlrq ri wkh glvwulexwlrq ri wkh lqgh{ ri wkh revhuydeohv wkdw ghwhuplqh rxwfrphv dqg wkh
lqgh{ ri xqrevhuydeohv lv wkh vdph/ diwhu dgmxvwlqj iru gl￿huhqfhv lq wkh glvshuvlrq ri wkhvh
glvwulexwlrqv1 Zh mxvwli| wklv frqglwlrq lqirupdoo| lq vhfwlrq D1: ri Dsshqgl{ D1 Lw zloo
krog xqghu wkh dvvxpswlrqv wkdw ohdg wr Frqglwlrqv 4 dqg 51 Krzhyhu/ lw uhtxluhv wkdw f
eh xqfruuhodwhg zlwk 01
Iru uhdvrqv glvfxvvhg hduolhu/ wkh vwdqgdugl}hg gl￿huhqfh lq wkh phdq ri wkh xqrevhuy0
deohv wkdw ghwhuplqh lv t lv olnho| wr eh vpdoohu wkdq wkh vwdqgdugl}hg gl￿huhqfh lq wkh
lqgh{ ri revhuydeohv/ ehfdxvh pdq| srvw0hljkwk judgh idfwruv lq xhqfh wkh rxwfrphv/ dqg
pdq| kdug0wr0revhuyh idfwruv lq xhqfh kljk vfkrro fkrlfh1 Rqh zd| wr jdxjh wkh vwuhqjwk
ri wkh hylghqfh iru d Fdwkrolf vfkrro h￿hfw lv wr vhh krz pxfk ri lw zrxog uhpdlq li Frq0
glwlrq 6 zhuh wuxh/ dqg wr dvn krz odujh wkh udwlr rq wkh ohiw zrxog kdyh wr eh uhodwlyh wr
wkh udwlr rq wkh uljkw wr holplqdwh wkh hqwluh Fdwkrolf vfkrro h￿hfw1 Dq dgydqwdjh ri wklv
dssurdfk lv wkdw zh gr qrw kdyh wr vlpxowdqhrxvo| hvwlpdwh wkh sdudphwhuv ri wkh ￿M dqg
t htxdwlrqv vxemhfw wr Frqglwlrq 51 Frqvhtxhqwo|/ zh duh deoh wr xvh wkh ixoo frqwuro vhw
xvhg lq froxpqv 6 dqg 9 ri Wdeohv 6 dqg 71 D vlplodu dssurdfk pd| xvhg wr hydoxdwh dq
lqvwuxphqwdo yduldeoh1
Wr jdxjh wkh uroh ri vhohfwlrq eldv lq d vlpsoh zd| zh ljqruh wkh idfw wkdw t￿ lv hvwlpdwhg
e| d surelw dqg wuhdw k dv li lw zhuh hvwlpdwhg e| d uhjuhvvlrq ri wkh odwhqw yduldeoh t W
￿
’ f￿
￿￿ n k￿M￿ n 0￿ rq f￿ dqg ￿M￿￿ Ohw f￿q dqg j ￿M￿ uhsuhvhqw wkh suhglfwhg ydoxh dqg





￿d￿ n kqonkj ￿M￿ n 0￿￿
Dvvxplqj wkdw wkh eldv lq d surelw lv forvh wr wkh eldv lq ROV dssolhg wr wkh deryh prgho
dqg xvlqj wkh idfw wkdw j ￿M￿ lv ruwkrjrqdo wr f￿ ohdgv wr











￿ d.E"￿ m ￿M￿ ’￿ ￿￿ .E"￿ m ￿M￿ ’ f￿o￿
Wkxv/ vxemhfw wr Frqglwlrq 7 rqh fdq hvwlpdwh .Ef￿
￿￿ m ￿M￿ ’￿ ￿￿.Ef￿
￿￿ m ￿M￿ ’f ￿dqg
hvwlpdwh wkh pdjqlwxgh ri wklv eldv1
63Zh xvh wkh vlqjoh htxdwlrq hvwlpdwhv ri k rewdlqhg xqghu wkh dvvxpswlrq wkdw Fdwkrolf
vfkrrolqj lv h{rjhqrxv lq wkh rxwfrph htxdwlrq1 D sureohp zlwk xvlqj Frqglwlrq 7 lv wkdw
eldv lq k zloo ohdg wr eldv lq wkh hvwlpdwhv ri ￿/ zklfk duh uhtxluhg wr hydoxdwh wkh ohiw kdqg
vlgh ri wkh htxdwlrq1 Zh eholhyh wkdw lq pdq| dssolfdwlrqv wklv sureohp zloo eh plqru1
Krzhyhu/ dv d urexvwqhvv fkhfn zh wu| wkuhh dowhuqdwlyh zd|v wr rewdlq ￿1 Wkh ￿uvw phwkrg
lv xvh wkh ￿ iurp wkh sxeolf hljkwk judgh vdpsoh wr irup wkh lqgh{ f￿
￿￿ iru hdfk Fdwkrolf ;wk
judgh vwxghqw1 Wkh uhvxowv duh uhsruwhg lq wkh ￿uvw urz ri Wdeoh <1 Lq wkh fdvh ri kljk vfkrro
judgxdwlrq/ wkh hvwlpdwh ri +.Ef￿
￿￿ m ￿M￿ ’￿ ￿￿ .Ef￿
￿￿ m ￿M￿ ’ f￿￿ *T @oEf￿
￿￿￿ lv 31631
Wkdw lv/ wkh phdq2yduldqfh ri wkh surelw lqgh{ ri f yduldeohv wkdw ghwhuplqh kljk vfkrro
judgxdwlrq lv 315; kljkhu iru wkrvh zkr dwwhqg Fdwkrolf kljk vfkrro wkdq iru wkrvh zkr gr
qrw1 Vlqfh wkh yduldqfh ri 0￿ lv 4133/ wkh lpsolhg hvwlpdwh ri .E"￿ m ￿M￿ ’￿ ￿￿ .E"￿ m ￿M￿ ’




|lhogv d eldv ri 316:/ zkloh wkh hvwlpdwh ri wkh k lv 41361 Wkh odvw froxpq ri wkh wdeoh uhsruwv
wkdw wkh udwlr e k*d
￿@oE￿M￿￿
￿@oEj ￿M￿￿E.E"￿ m ￿M￿ ’￿ ￿￿ .E"￿ m ￿M￿ ’ f￿￿o ’ E￿￿f￿*￿￿ . ￿’2 ￿.H1 Wkdw
lv/ wkh qrupdol}hg vkliw lq wkh glvwulexwlrq ri wkh xqrevhuydeohv zrxog kdyh wr eh 51:; wlphv
dv odujh dv wkh vkliw lq wkh revhuydeohv wr h{sodlq dzd| wkh hqwluh Fdwkrolf vfkrro h￿hfw1
Wklv vhhpv kljko| xqolnho|1
Wkh vhfrqg urz ri Wdeoh < uhsruwv wkh uhvxowv zkhq wkh ohiw kdqg vlgh ri Frqglwlrq 7
lv hydoxdwlqj xvlqj wkh hvwlpdwh ri ￿ rewdlqhg iurp wkh vlqjoh htxdwlrq surelw hvwlpdwh ri
wkh kljk vfkrro judgxdwlrq htxdwlrq rq wkh Fdwkrolf vfkrro vdpsoh1 Wkh wklug urz xvhv
wkh hvwlpdwh ri ￿ zkhq k lv frqvwudlqhg wr eh 31 Iru wkhvh phwkrgv/ wkh lpsolhg udwlrv duh
715< dqg 61881 Wkh uhvxowv lq Wdeoh < vxjjhvw wkdw d vxevwdqwldo sduw ri wkh h￿hfw ri ￿M
rq kljk vfkrro judgxdwlrq lv uhdo1
Iru froohjh dwwhqgdqfh wkh udwlrv udqjh ehwzhhq 4163 dqg 5136 ghshqglqj rq krz zh
hvwlpdwh ￿ +urzv 7/ 8/ dqg 9,1 Vlqfh wkh udwlr ri vhohfwlrq rq xqrevhuydeohv uhodwlyh wr
vhohfwlrq rq revhuydeohv lv olnho| wr eh ohvv wkdq 4/ sduw ri wkh Fdwkrolf vfkrro h￿hfw rq
froohjh judgxdwlrq lv suredeo| uhdo1
Wdeoh 43 suhvhqwv 43wk dqg 45wk judgh whvw vfruh uhvxowv xvlqj wkh vdph phwkrgrorj|
ghvfulehg deryh1 Wkh frh!flhqw rq ￿M￿ kdv d srvlwlyh dqg vwdwlvwlfdoo| vljql￿fdqw frh!0
flhqw rqo| lq wkh fdvh ri 45wk judgh pdwk vfruhv1 Krzhyhu/ wklv h￿hfw lv vpdoo +4147, dqg
zrxog eh doprvw frpsohwho| holplqdwhg dvvxplqj wkh xsshu erxqg Frqglwlrq 7 krogv1 Hyhq
li vhohfwlrq rq xqrevhuydeohv lv rqo| rqh kdoi dv vwurqj dv wkdw rq revhuydeohv/ wkh h￿hfw
ri Fdwkrolf vfkrrolqj zrxog eh qhjoljleoh1 Jlyhq wkh zhdn hylghqfh iurp wkh xqlyduldwh
prghov dqg wkh olnholkrrg ri vrph srvlwlyh eldv/ zh frqfoxgh wkdw Fdwkrolf kljk vfkrro
64suredeo| kdv olwwoh h￿hfw rq whvw vfruhv1
8 Uhvxowv e| plqrulw| vwdwxv dqg xuedqlflw|
D qxpehu ri vwxglhv/ lqfoxglqj Hydqv dqg Vfkzde +4<<8,/ Qhdo +4<<:,/ dqg Jurjjhu dqg
Qhdo +4<<<, xvlqj QHOV=;; kdyh irxqg pxfk vwurqjhu h￿hfwv ri Fdwkrolf vfkrrolqj iru
plqrulw| vwxghqwv lq xuedq duhdv wkdq iru rwkhu vwxghqwv1 Wdeoh 5 uhsruwv gl￿huhqfhv lq
wkh phdqv ri rxwfrphv dqg frqwuro yduldeohv/ e| kljk vfkrro w|sh/ iru doo xuedq plqrulw|
vwxghqwv dqg iru xuedq plqrulw| vwxghqwv zkr dwwhqghg Fdwkrolf hljkwk judghv1 Qrwh wkdw
87 ri wkh 89 plqrulw| vwxghqwv zkr dwwhqghg Fdwkrolf kljk vfkrro fdph iurp Fdwkrolf
hljkwk judghv1 Rqo| 48 ri wkh :33 xuedq plqrulw| vwxghqwv lq sxeolf 43wk judghv fdph iurp
Fdwkrolf ;wk judghv/ zklfk lv wrr ihz revhuydwlrqv wr vxssruw dq dqdo|vlv rq wkh Fdwkrolf
hljkwk judgh vxevdpsoh1 Lq wkh ixoo xuedq plqrulw| vdpsoh wkh frqwuro yduldeohv surylgh
hylghqfh ri vwurqj srvlwlyh vhohfwlrq lqwr Fdwkrolf kljk vfkrrov1 Wkh jdsv lq prwkhu*v
hgxfdwlrq dqg idwkhu*v hgxfdwlrq duh 3199 |hduv dqg 419< |hduv/ uhvshfwlyho|1 Wkh jds lq
wkh orj ri idplo| lqfrph lv 31;61 Wkhuh duh dovr yhu| odujh glvfuhsdqflhv lq wkh edvh |hdu
phdvxuhv ri sduhqwdo h{shfwdwlrqv iru vfkrrolqj dqg vwxghqw h{shfwdwlrqv iru vfkrrolqj dqg
zklwh0froodu zrun/ odujh jdsv lq wkh hljkwk0judgh ehkdylrudo phdvxuhv/ dqg jdsv ri 917< dqg
615; lq wkh hljkwk judgh uhdglqj dqg pdwk whvwv/ uhvshfwlyho|1 Vlqfh wkhuh lv pruh vhohfwlrq
rq revhuydeoh yduldeohv iru wklv vxevdpsoh lw lv txlwh sodxvleoh wkdw wkhuh frxog eh pruh
vhohfwlrq rq xqrevhuydeohv dv zhoo dqg wkdw wklv frxog h{sodlq wkh odujh phdvxuhg Fdwkrolf
vfkrrolqj h￿hfwv1
Lq Wdeoh 8 zh uhsruw prghov ri wkh kljk vfkrro judgxdwlrq suredelolw| hvwlpdwhg xvlqj
wkh xuedq vdpsoh ri zklwh vwxghqwv dv zhoo dv wkh xuedq vdpsoh ri plqrulwlhv1 Doo ri wkh
uhjuhvvlrq prghov lqfoxgh rxu ixoo vhw ri frqwurov1 Iru wkh plqrulw| vdpsoh/ wkh dyhudjh
ghulydwlyh lpsolhg e| wkh surelw hvwlpdwh ri wkh Fdwkrolf kljk vfkrro h￿hfw rq kljk vfkrro
judgxdwlrq lv 314<4/ zkloh wkh olqhdu suredelolw| prgho hvwlpdwh lv 31466 +31389,166 Wxuqlqj
wr wkh erwwrp sdqho ri Wdeoh 8/ zh ￿qg d vxevwdqwldo h￿hfw ri Fdwkrolf kljk vfkrro rq
froohjh dwwhqgdqfh/ zlwk hvwlpdwhv iru wkh xuedq plqrulw| vdpsoh ydu|lqj iurp 31477 wr
314;5 ghshqglqj rq wkh hvwlpdwlrq phwkrgv1 Frqvlvwhqw zlwk suhylrxv zrun/ wkh h￿hfwv
duh jhqhudoo| odujhu iru plqrulwlhv wkdq iru wkh vdpsohv ri zklwhv1 Krzhyhu/ vlqfh wkhuh
66Wkh hvwlpdwh lqfoxglqj hljkwk judgh vfkrro ￿{hg h￿hfwv lv hvvhqwldoo| }hur/ zklfk ohdyhv rshq wkh
srvvlelolw| wkdw furvv0vfkrro yduldwlrq lq wkh rssruwxqlwlhv dydlodeoh wr xuedq plqrulw| vwxghqwv pd| eh
uhvsrqvleoh iru wkh srvlwlyh hvwlpdwhg Fdwkrolf kljk vfkrro h￿hfwv1 Krzhyhu/ wkh vwdqgdug huuru ri wkh ￿{hg
h￿hfwv hvwlpdwh lv txlwh odujh +143:,/ vr rqh vkrxog qrw pdnh wrr pxfk ri wklv uhvxow1
65lv pruh vhohfwlrq rq revhuydeoh yduldeohv iru wklv vxevdpsoh lw vhhpv txlwh sodxvleoh wkdw
wkhuh frxog eh pruh vhohfwlrq rq xqrevhuydeohv dv zhoo dqg wkdw wklv frxog h{sodlq wkh odujh
phdvxuhg Fdwkrolf vfkrrolqj h￿hfwv1
Wdeoh 9 suhvhqwv whvw vfruh uhvxowv iru wkh xuedq plqrulw| vdpsoh1 Dv vkrzq lq wkh vhfrqg
froxpq ri wkh wdeoh/ zh rewdlq qhjdwlyh exw vpdoo dqg vwdwlvwlfdoo| lqvljql￿fdqw hvwlpdwhv
ri wkh h￿hfw ri Fdwkrolf vfkrrolqj rq erwk wkh pdwk dqg uhdglqj 43wk judgh whvwv/ zklfk
djuhhv zlwk wkh dqdo|vlv edvhg rq erwk wkh ixoo QHOV=;; vdpsoh dqg wkh Fdwkrolf hljkwk
judgh vxevdpsoh1 Zh rewdlq d frh!flhqw ri 0314< +416<, iru wkh 45wk judgh uhdglqj vfruh
dv zhoo/ dqg d frh!flhqw ri 4158 +413<, iru wkh 45wk judgh pdwk vfruh1 Hylghqwo|/ prvw
ru doo ri wkh vxevwdqwldo Fdwkrolf kljk vfkrro dgydqwdjh iru xuedq plqrulwlhv lq whvw vfruhv
glvdsshduv rqfh zh frqwuro iru idplo| edfnjurxqg dqg ;wk judgh rxwfrphv1 Wklv uhvxow
uh hfwv wkh odujh jds lq wkh phdqv ri wkh frqwurov lq idyru ri plqrulwlhv dwwhqglqj Fdwkrolf
kljk vfkrro1 Dv rqh fdq vhh lq wkh wdeoh/ zh rewdlq vlplodu uhvxowv zkhq zh dgg vxexuedqlwhv
dqg h{whqg rxu dqdo|vlv wr d srrohg xuedq2vxexuedq plqrulw| vxevdpsoh1
Zh dovr shuirup d vhqvlwlylw| dqdo|vlv ri wkh nlqg ghvfulehg deryh iru wkh xuedq pl0
qrulw| vdpsoh1 Wxuqlqj djdlq wr Wdeoh :/ qrwh wkdw wkh udz gl￿huhqwldo lq wkh kljk vfkrro
judgxdwlrq suredelolw| lv 3155 dqg wkh hvwlpdwh ri wkh Fdwkrolf vfkrro h￿hfw xqghu wkh dv0
vxpswlrq 4 ’flv 314:91 Wkh hvwlpdwh lv 31465 zkhq 4 lv 315/ dqg 31346 zkhq 4 lv 3181
Wkxv/ wkh fruuhodwlrq ehwzhhq wkh xqrevhuydeohv zrxog kdyh wr eh lq wkh qhljkerukrrg ri
318/ d yhu| odujh fruuhodwlrq/ iru rqh wr frqfoxgh wkdw wkh wuxh h￿hfw ri Fdwkrolf vfkrrov rq
wkh judgxdwlrq udwhv ri xuedq plqrulwlhv lv 31 Wklv ydoxh vhhpv xquhdvrqdeoh1
Lq Wdeoh 44/ zh frqgxfw dq dqdo|vlv lqyroylqj wkh gl￿huhqfhv lq lqglfhv ri revhuydeoh
yduldeohv edvhg rq Frqglwlrq 71 Lq urzv 5 dqg 7 zh irupwkh lqgh{ ri vhohfwlrq rq revhuydeohv
xvlqj wkh hvwlpdwhv ri ￿ iurp wkh xuedq plqrulw| sxeolf ;wk judgh vdpsoh1 Iru wklv vdpsoh
xqghu Frqglwlrq 7 wkh lpsolhg vkliw lq +.E0￿ m ￿M￿ ’￿ ￿￿ .E0￿ m ￿M￿ ’f ￿ ￿lv 3189 lq wkh
fdvh ri kljk vfkrro judgxdwlrq dqg 31:5 lq wkh fdvh ri froohjh dwwhqgdqfh/ zklfk uh hfwv
vwurqj vhohfwlrq rq wkh revhuydeohv wkdw lq xhqfh wkhvh rxwfrphv1 Vwloo/ vhohfwlrq rq wkh
xqrevhuydeohv zrxog kdyh wr eh 516: wlphv dv vwurqj dv vhohfwlrq rq wkh revhuydeohv wr
h{sodlq dzd| wkh hqwluh kljk vfkrro judgxdwlrq h￿hfw1 Wklv vhhpv yhu| xqolnho| wr xv> wkh
hylghqfh vxjjhvwv wkdw d vxevwdqwldo sduw ri wkh hvwlpdwhg h￿hfw ri Fdwkrolf vfkrrolqj rq
judgxdwlrq zrxog uhpdlq iru wklv jurxs/ hyhq li wkhuh zdv d kljk ghjuhh ri vdpsoh vhohfwlrq
eldv1 Rq wkh rwkhu kdqg/ zh fdqqrw uxoh rxw wkh srvvlelolw| wkdw pxfk ri wkh h￿hfw ri ￿M
rq froohjh dwwhqgdqfh lv gxh wr vhohfwlrq eldv1
Lq Wdeoh 45 zh uhsruw wkh uhvxowv ri dq dqdo|vlv ri whvw vfruhv1 Dv zh kdyh douhdg| qrwhg/
66wkhuh lv olwwoh hylghqfh wkdw Fdwkrolf kljk vfkrro lpsuryhv wkh uhdglqj vfruhv ri plqrulwlhv1
Wkh wdeoh vkrzv wkdw lq wkh fdvh ri 45wk judgh uhdglqj vfruhv +.Ef￿
￿￿ m ￿M￿ ’￿ ￿￿
.Ef￿
￿￿ m ￿M￿ ’f ￿ ￿*T @oEf￿
￿￿￿ lv 313<31 Xqghu Frqglwlrq 7 wklv dprxqw ri idyrudeoh
vhohfwlrq rq wkh revhuydeohv lpsolhv dq hvwlpdwh ri +.E0￿ m ￿M￿ ’￿ ￿￿ .E0￿ m ￿M￿ ’ f￿￿
htxdo wr 51:91 Vlqfh wkh srlqw hvwlpdwh ri k lv douhdg| qhjdwlyh/ wkhuh lv fhuwdlqo| qr
hylghqfh wkdw Fdwkrolf vfkrrov errvw 45wk judgh uhdglqj vfruhv1
Lq wkh fdvh ri 45wk judgh pdwk/ wkh srlqw hvwlpdwh ri @ lv 41;5 dqg wkh lpsolhg hvwlpdwh
ri +.E0￿ m ￿M￿ ’￿ ￿￿ .E0￿ m ￿M￿ ’ f￿￿ xqghu Frqglwlrq 7 lv 414:/ dqg wkh lpsolhg udwlr ri
vhohfwlrq rq xqrevhuydeohv wr vhohfwlrq rq revhuydeohv uhtxluhg wr h{sodlq dzd| wkh hqwluh
hvwlpdwh ri k lv 31;<1 Frqvhtxhqwo|/ zh zrxog qrw uxoh rxw d vpdoo srvlwlyh h￿hfw rq pdwk
exw ryhudoo frqfoxgh wkdw wkhuh lv qrw pxfk hylghqfh wkdw Fdwkrolf kljk vfkrrov errvw wkh
whvw vfruhv ri xuedq plqrulwlhv167
9 Frqfoxvlrq
Rxu dqdo|vlv ri wkh Fdwkrolf vfkrro h￿hfw lv jxlghg e| wkuhh suhplvhv1 Wkh ￿uvw lv wkdw wkh
h{foxvlrq uhvwulfwlrqv xvhg lq suhylrxv vwxglhv/ lqfoxglqj Dowrqml/ Hoghu dqg Wdehu +4<<<,/
gr qrw surylgh d uholdeoh phdqv ri lghqwli|lqj wkh Fdwkrolf vfkrro h￿hfw1 Wkh vhfrqg suhplvh
lv wkdw lq wkh devhqfh ri d exoohwsurri lqvwuxphqw/ lw lv lpsruwdqw wr vwduw zlwk d ulfk vhw ri
frqwuro yduldeohv dqg zlwk d jurxs ri vwxghqwv zkr gr qrw gl￿hu gudpdwlfdoo| e| zkhwkhu ru
qrw wkh| dwwhqghg Fdwkrolf kljk vfkrro1 Wklv ohdgv xv wr irfxv rq vwxghqwv iurp Fdwkrolf
hljkwk judghv1 Irfxvlqj rq Fdwkrolf hljkwk judghuv doorzv xv wr dyrlg frqfhuqv derxw odfn
ri frpsdudelolw| ehwzhhq wkh wlq| iudfwlrq ri vwxghqwv iurp sxeolf sulpdu| vfkrrov zkr
dwwhqg Fdwkrolf kljk vfkrro dqg rwkhu vwxghqwv1 Lw dovr doorzv xv wr lvrodwh wkh h￿hfw ri
Fdwkrolf kljk vfkrro iurp wkh h￿hfw ri Fdwkrolf sulpdu| vfkrro1
Wkh wklug suhplvh lv wkdw wkh ghjuhh ri vhohfwlrq rq wkh revhuydeohv lv lqirupdwlyh derxw
vhohfwlrq rq wkh xqrevhuyhg fkdudfwhulvwlfv1 Dv zh qrwhg lq wkh lqwurgxfwlrq/ lw lv vwdqgdug
surfhgxuh wr frqvlghu wkh uhodwlrqvkls ehwzhhq dq h{sodqdwru| yduldeoh ru dq lqvwuxphqwdo
yduldeoh dqg wkh revhuyhg yduldeohv lq wkh prgho lq glvfxvvlrqv ri h{rjhqhlw|1 Wkh pdlq
67Wkhvh whvw vfruh ￿qglqjv duh urexvw wr wkh lpsxwdwlrq surfhgxuhv iru gursrxwv ghvfulehg lq Vhfwlrq 5161
Lq frqwudvw/ Jurjjhu dqg Qhdo +4<<<, ￿qg vrph hylghqfh iru d Fdwkrolf vfkrro h￿hfw rq plqrulw| whvw vfruhv
xvlqj phgldq uhjuhvvlrq/ sduwlfxoduo| zkhq wkh| uhvwruh kljk vfkrro gursrxwv zlwk plvvlqj whvw vfruh gdwd
wr wkh vdpsoh e| vlpso| dvvljqlqj wkhp 31 Zh kdyh qrw ixoo| lqyhvwljdwhg wkh vrxufh ri wkh glvfuhsdqf|/
exw vxvshfw wkdw rxu xvh ri d pruh h{whqvlyh vhw ri frqwuro yduldeohv/ rxu lpsxwdwlrq surfhvv/ gl￿huhqfhv lq
wkh vdpsohv xvhg/ dqg gl￿huhqfhv ehwzhhq phdq dqg phgldq uhjuhvvlrq doo sod| d uroh1
67frqwulexwlrq ri wklv sdshu lv wr irupdol}h wkh xvh ri vxfk lqirupdwlrq dqg wr surylgh d
zd| wr dvvhvv txdqwlwdwlyho| wkh ghjuhh ri vhohfwlrq eldv1 Zh pdnh wkh wkhruhwlfdo srlqw
wkdw nqrzohgjh ri krz wkh revhuydeoh yduldeohv duh fkrvhq iurp wkh ixoo vhw ri yduldeohv
fdq eh vx!flhqw wr lghqwli| wkh h￿hfw ri dq hqgrjhqrxv yduldeoh1 Zh looxvwudwh wklv e|
hvwdeolvklqj lghqwl￿fdwlrq lq wkh fdvh lq zklfk vhohfwlrq rq revhuydeohv dqg xqrevhuydeohv
lv wkh vdph lq wkh vhqvh wkdw xqlw vkliwv lq wkh lqglfhv ri revhuydeohv dqg xqrevhuydeohv
wkdw ghwhuplqh wkh rxwfrph kdyh wkh vdph h￿hfw rq vfkrro fkrlfh1 Zh hvwlpdwh rxu prgho
vxemhfw wr wkh uhvwulfwlrqv lpsrvhg e| htxdo vhohfwlrq1 Zh dujxh wkdw lq wkh Fdwkrolf
vfkrro fdvh/ vhohfwlrq rq wkh revhuydeohv lv olnho| wr eh vwurqjhu wkdq vhohfwlrq rq wkh
xqrevhuydeohv1 Frqvhtxhqwo|/ zh lqwhusuhw wkh uhvxowv dv d orzhu erxqg hvwlpdwh ri wkh
h￿hfw ri Fdwkrolf vfkrrov dqg xvh wkh vlqjoh htxdwlrq hvwlpdwhv dv dq xsshu erxqg1 Zh
dovr sursrvh dq lqirupdo zd| wr dvvhvv vhohfwlylw| eldv edvhg rq d phdvxuh ri wkh udwlr ri
vhohfwlrq rq xqrevhuydeohv uhodwlyh wr vhohfwlrq rq revhuydeohv wkdw zrxog eh uhtxluhg li rqh
lv wr dwwulexwh wkh hqwluh Fdwkrolf vfkrro h￿hfw wr vhohfwlrq eldv1
Zh kdyh wkuhh pdlq vxevwdqwlyh ￿qglqjv1 Iluvw/ dwwhqglqj Fdwkrolf kljk vfkrro vxe0
vwdqwldoo| udlvhv kljk vfkrro judgxdwlrq udwhv1 Lq wkh Fdwkrolf hljkwk judgh vdpsoh/ qrqh ri
wkh 313; Fdwkrolf kljk vfkrro dgydqwdjh lq judgxdwlrq udwhv lv h{sodlqhg e| hljkwk judgh
rxwfrphv ru idplo| edfnjurxqg dqg zh rewdlq d orzhu erxqg hvwlpdwh ri 313: zkhq zh
lpsrvh htxdolw| ri vhohfwlrq ri revhuydeohv dqg xqrevhuydeohv1 Zkloh hvwlpdwhv wkdw wuhdw
Fdwkrolf vfkrro dwwhqgdqfh dv h{rjhqrxv doprvw fhuwdlqo| ryhuvwdwh wkh h￿hfw ri Fdwkrolf
kljk vfkrrov/ wkh ghjuhh ri vhohfwlrq rq wkh xqrevhuydeohv zrxog kdyh wr eh pxfk vwurqjhu
wkdq wkh ghjuhh ri vhohfwlrq rq wkh revhuydeohv wr h{sodlq dzd| wkh hqwluh h￿hfw1 Zh dovr
￿qg wkdw wkh h￿hfw ri Fdwkrolf vfkrro rq wkh suredelolw| ri froohjh dwwhqgdqfh lv yhu| odujh
+3148, zkhq Fdwkrolf vfkrro dwwhqgdqfh lv wuhdwhg dv h{rjhqrxv/ exw wkh orzhu erxqg hv0
wlpdwhv udqjh ehwzhhq 313: dqg 3135 ghshqglqj rq hvwlpdwlrq ghwdlov1 Zh frqfoxgh wkdw
sduw ri wkh h￿hfw ri ￿M rq froohjh dwwhqgdqfh lv suredeo| uhdo/ exw wkh hylghqfh lv ohvv
vwurqj wkdq lq kljk vfkrro judgxdwlrq fdvh1
Vhfrqg/ zh ￿qg olwwoh hylghqfh wkdw Fdwkrolf kljk vfkrrov udlvh uhdglqj vfruhv1 Lq idfw/
prvw ri rxu srlqw hvwlpdwhv duh qhjdwlyh1 Wkh vlqjoh htxdwlrq hvwlpdwhv srlqw wr d srvlwlyh
h￿hfw ri derxw 314 vwdqgdug ghyldwlrqv rq wkh 45wk judgh pdwk vfruh1 Krzhyhu/ jlyhq
vdpsolqj huuru dqg hylghqfh ri srvlwlyh vhohfwlrq eldv/ zh gr qrw kdyh pxfk hylghqfh wkdw
Fdwkrolf kljk vfkrrov errvw whvw vfruhv dv zhoo dv kljk vfkrro judgxdwlrq udwhv1
Wklug/ rxu uhvxowv iru xuedq plqrulwlhv vxjjhvw wkdw Fdwkrolf kljk vfkrro dwwhqgdqfh
vxevwdqwldoo| udlvhv wkh suredelolw| ri kljk vfkrro judgxdwlrq iru wklv jurxs1 Vlqjoh htxdwlrq
68hvwlpdwhv ri wkh lpsdfw rq froohjh dwwhqgdqfh duh dovr yhu| odujh/ exw wkh ghjuhh ri srvlwlyh
vhohfwlrq rq wkh revhuydeohv wkdw ghwhuplqh froohjh dwwhqgdqfh lv vx!flhqwo| odujh wkdw
rqh frxog qrw uxoh rxw vhohfwlrq eldv dv wkh ixoo h{sodqdwlrq iru wkh Fdwkrolf vfkrro h￿hfw
rq froohjh dwwhqgdqfh1 Rqh sureohp lv wkdw rxu vdpsoh ri xuedq plqrulwlhv zkr dwwhqghg
Fdwkrolf hljkwk judgh lv qrw elj hqrxjk wr shuplw xv wr shuirup wkh dqdo|vlv rq wkh Fdwkrolf
hljkwk judgh vdpsoh1 Xqiruwxqdwho|/ lq wkh ixoo xuedq plqrulw| vdpsoh/ gl￿huhqfhv e| kljk
vfkrro vhfwru lq idplo| edfnjurxqg fkdudfwhulvwlfv dqg hljkwk judgh shuirupdqfh duh yhu|
odujh1 Wkh dvvxpswlrq wkdw wkh vhohfwlrq rq wkh xqrevhuydeohv pluuruv vhohfwlrq rq wkh
revhuydeohv uhvxowv lq d odujhu vhohfwlylw| eldv fruuhfwlrq iru wklv jurxs1 Zkloh zh eholhyh
wkdw vhohfwlrq rq wkh xqrevhuydeohv lv ohvv vwurqj/ wkh hylghqfh iru d Fdwkrolf vfkrro h￿hfw rq
froohjh dwwhqgdqfh lv zhdnhu iru wklv jurxs1 Lq jhqhudo/ zh ￿qg vpdoohu gl￿huhqfhv ehwzhhq
xuedq plqrulwlhv dqg rwkhu jurxsv lq wkh Fdwkrolf vfkrro h￿hfw wkdq rwkhu uhfhqw vwxglhv1
Wkh qh{w vwhs rq wkh hpslulfdo vlgh ri wkh surmhfw lv wr h{dplqh wkh phfkdqlvp wkurxjk
zklfk Fdwkrolf vfkrrov d￿hfw kljk vfkrro judgxdwlrq lq oljkw ri wkh olwhudwxuh rq Fdwkrolf
vfkrrov dqg wkh gdwd rq vfkrro fkdudfwhulvwlfv dqg vwxghqw ehkdylru gxulqj wkh kljk vfkrro
|hduv lq QHOV=;;1 Pxowlyduldwh dqdo|vlv ri wkh h￿hfw ri gl￿huhqfhv lq edfnjurxqg dqg hljkwk
judgh vrfldo ehkdylru vxjjhvwv wkdw vxfk gl￿huhqfhv duh pruh lpsruwdqw iru judgxdwlrq wkdq
iru whvw vfruhv +qrw uhsruwhg,1 Pdq| ri wkh wudlwv ri Fdwkrolf vfkrrov vwuhvvhg e| Eu|n hw do
+4<<6, dqg Frohpdq dqg Kr￿hu +4<;:, pd| zrun wr uhgxfh wkh gursrxw suredelolw| dprqj
orz dfklhylqj vwxghqwv ru vwxghqwv zlwk ehkdylrudo sureohpv1 Wkh pruh vwuxfwxuhg dqg
frppxqlwduldq hqylurqphqw qrupdoo| irxqg lq Fdwkrolf kljk vfkrrov pd| eh h￿hfwlyh lq
uhgxflqj gursrxw udwhv dqg lqfuhdvlqj froohjh dwwhqgdqfh1
Wkhuh lv d orqj djhqgd iru ixwxuh uhvhdufk rq wkh hfrqrphwulf phwkrgv wkdw zh sursrvh1
Zlwk uhjdug wr wkh wkhruhwlfdo irxqgdwlrqv/ kljk sulrulwlhv lqfoxgh dgglwlrqdo dqdo|vlv ri
lghqwl￿fdwlrq lq erwk vlqjoh htxdwlrq dqg lqvwuxphqwdo yduldeohv vhwwlqjv dqg d ixoo dqdo|vlv
ri wkh khwhurjhqhrxv h￿hfwv fdvh lqwurgxfhg lq vhfwlrq 6191 Rxu wkhruhwlfdo dqdo|vlv vxjjhvwv
wkdw wkh revhuydeohv pd| qrw kdyh pxfk wr vd| derxw eldv iurp vhohfwlrq rq xqrevhuydeohv
lq vlwxdwlrqv lq zklfk rqo| d kdqgixo ri yduldeohv grplqdwh wkh glvwulexwlrq ri wkh rxwfrph
+d vlwxdwlrq lq zklfk vwuxfwxudo hfrqrplf prgho pd| eh ihdvleoh wr ghyhors dqg hvwlpdwh,/
ru lq zklfk wkh vhw ri revhuydeohv lv vpdoo1 Lq rxu dssolfdwlrq/ wkh phdvxuh ri wkh uhodwlyh
ghjuhh ri vhohfwlrq rq revhuydeohv dqg xqrevhuydeohv lv qrw yhu| vhqvlwlyh wr krz zh frpsxwh
￿/ wkh sdudphwhuv ri wkh rxwfrph htxdwlrq/ dqg zh zhuh deoh wr xvh wkh sxeolf ;wk judgh
vdpsoh dv d ehqfkpdun iru ￿ lq dq| fdvh1 Krzhyhu/ d wkhruhwlfdo dqdo|vlv ri frqglwlrqv
xqghu zklfk eldv lq wkh hvwlpdwhv ri ￿ lv lpsruwdqw zrxog eh khosixo1
69Zlwk uhjdug wr wkh duw ri dvvhvvlqj zkhq dqg krz wr xvh wkh phwkrgv wkdw zh ghvfuleh/
d prqwh fduor dqdo|vlv ri krz wkh phwkrgv shuirup lq wkh frqwh{w ri uhdo zruog h{dpsohv
zrxog suryh lqirupdwlyh/ sduwlfxoduo| lq wkrvh fdvhv lq zklfk frqfhuq derxw lghqwl￿fdwlrq
lv d ￿uvw rughu lvvxh1 Rqh frxog dovr gr d prqwh fduor dqdo|vlv lq zklfk rqh vdpsohv
dw udqgrp iurp wkh kxqguhgv ri ;wk judgh idplo| edfnjurxqg dqg vwxghqw fkdudfwhulvwlfv
dydlodeoh lq wkh QHOV ;;1
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E| gh￿qlwlrq ri ￿/ tg ￿ k￿Mg lv xqfruuhodwhg zlwk /g dv|pswrwlfdoo|/ vr lw pxvw eh wkh
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6;exw e| wkh dvvxpswlrqv lq Zklwh*v Wkhruhp 8148/ wkh vhfrqg vxppdwlrq diwhu wkh htxdolw|
whqgv wr }hur dv ￿ $4vr lwv vdpsoh phdq jrhv wr }hur1 E| +D04,/ wkh ￿uvw vxppdwlrq
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D15 Mxvwl￿fdwlrq iru Frqglwlrq 5
Zkhq lpsohphqwlqj rxu prgho zh kdyh dvvxphg wkdw wkh huuru whupv duh xqfruuhodwhg zlwk
wkh uhjuhvvruv/ exw wklv lv qrw d surshuw| ri wkh gdwd jhqhudwlrq surfhvv wkdw zh gh￿qhg
lq Wkhruhp 41 Zh eulh | glvfxvv wkh frqglwlrqv xqghu zklfk rxu dvvxpswlrq lv frqvlvwhqw
zlwk wkh suhylrxv dqdo|vlv1

















zkhuh q￿ duh wkh sdudphwhuv iurp d olqhdu uhjuhvvlrq ri ￿MW
g rqwr ‘ dqg zh kdyh lq0
frusrudwhg k ￿ ￿Mg lqwr tg wr vlpsoli| wkh qrwdwlrq1 Wkurxjkrxw wklv vhfwlrq zh xvh
￿kdwv￿ wr gh￿qh wkh suhglfwhg ydoxh iurp d ohdvw vtxduh uhjuhvvlrq ri d yduldeoh rqwr wkh
revhuydeoh fryduldwhv lq ‘ dqg ￿wloghv￿ wr ghqrwh wkh uhvlgxdo iurp wkdw uhjuhvvlrq1 Iru
h{dpsoh tg ’ e tg n h tg zkhuh e tg lv wkh olqhdu suhglfwlrq iurp d uhjuhvvlrq ri tg rq wkh
revhuydeohv1 Ixuwkhupruh zh vlpsoli| wkh qrwdwlrq vr wkdw zkhq zh gurs wkh g vxevfulsw
zh phdq wkh suredelolw| olplw ri wkh yduldeoh vr t ￿solpitgj￿
6<Lq d uhjuhvvlrq frqwh{w udwkhu wkdq lpsrvlqj Frqglwlrq 5 iru lghqwl￿fdwlrq zh pljkw
dfwxdoo| lpsrvh wkdw
SJ￿E g ￿MWc e t ￿
￿@oE g ￿MW￿
’
SJ￿E j ￿MWc h t ￿
￿@oE j ￿MW￿
￿ +D05,
Wkh txhvwlrq lv zkhq rxu gdwd jhqhudwlrq surfhvv |lhogv wklv frqglwlrq1 Lw lv vwudljkwiruzdug







































































Vlqfh lq jhqhudo wkh dxwrfryduldqfh vwuxfwxuh ri ‘￿ zloo eh gl￿huhqw iurp wkh dxwrfr0
yduldqfh vwuxfwxuh ri i ‘￿/ wkhvh zloo eh gl￿huhqw dqg wkh uhvwulfwlrq +D05, zloo qrw eh ydolg1
Krzhyhu/ zh fdq jlyh wzr h{dpsohv iru zklfk +D05, krogv1
Wkh ￿uvw h{dpsoh lv zkdw prwlydwhg Frqglwlrq 51 Vxssrvh wkhuh lv qr vhuldo fruuhodwlrq























SJ￿E j ￿MWc h t ￿
￿@oE j ￿MW￿
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Vxfk d fdvh fdq rffxu zkhq ￿￿ dqg q￿ kdyh wkh vdph vwdwlrqdu| DUPD surfhvv1 Wr vhh















Li wkh mrlqw glvwulexwlrq ri E/￿
￿c/2
￿￿ lv vwdwlrqdu| dqg SJ￿E/￿
￿c/2
&￿’fzkhq & 9’ ￿c wkhq







































D16 Surri ri Wkhruhp 5
Surri1 Vxssrvh k lv qrw lghqwl￿hg1 Lq sduwlfxodu vxssrvh wkhuh h{lvw kW 9’ k dqg dvvrfldwhg
E}WEf￿c0 W￿ iru zklfk
.Et m ￿M ’f cf￿’}
WEf￿n.E0
W m KEf￿n￿ ￿ f￿
’ }Ef￿n.E0 m KEf￿n￿ ￿ f￿c












zkhuh REf￿ lv wkh surshqvlw| vfruh dqg wkxv
0
W ’E k ￿ k
W￿E￿M￿ REf￿￿ n 0￿







SJ￿EKEf￿c}Ef￿ ￿nE k ￿ kW￿SJ￿EKEf￿cREf￿￿
￿@oE}Ef￿ ￿n2E k ￿ kW￿SJ￿E}Ef￿cREf￿ ￿nE k ￿ kW￿
2 ￿@oEREf￿￿
’
SJ￿E￿c0￿nE k ￿ kW￿SJ￿E￿c￿M ￿ REf￿￿











dqg glylglqj wrs dqg erwwrp e| ￿@oE}Ef￿￿ dqg ￿@oE0￿/z hj h w
￿ nE k ￿ kW￿
SJ￿EKEf￿cREf￿￿
￿@oE}Ef￿￿
￿n2E k ￿ kW￿
SJ￿E}Ef￿cREf￿￿




￿ nE k ￿ kW￿
SJ￿E￿c￿M3REf￿￿
￿@oE0￿
￿n2E k ￿ kW￿
SJ￿E0c￿M3REf￿￿
























































D17 Surri ri Wkhruhp 6
Surri1 Iroorzlqj wkh vdph orjlf dv lq wkh surri ri Wkhruhp 5/ li kW |lhogv wkh vdph
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Xqghu Frqglwlrq 6 dqg Dvvxpswlrq 4/ lw lv lpsrvvleoh iru wkh lwhpv rq wkh uljkw kdqg
vlgh ri wkhvh wzr htxdwlrqv wr eh htxdo wr hdfk rwkhu xqohvv k ’ kW￿ Wkxv zh rewdlq d
frqwudglfwlrq1
D18 Surri ri Wkhruhp 7
Surri1 Iroorz vlplodu orjlf wr Wkhruhp 51 Vxssrvh k lv qrw lghqwl￿hg1 Lq sduwlfxodu





Vlqfh 0W pxvw eh phdq }hur frqglwlrqdo rq fc
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W ’ 0 nE k ￿ k
W￿￿￿







Vxevwlwxwlqj lq iru }W dqg 0W ohdgv wr
SJ￿EKEf￿c}Ef￿ ￿nE k ￿kW￿￿@oEKEf￿￿




SJ￿E￿c0￿nE k ￿ kW￿￿@oE￿￿










dqg glylglqj wrs dqg erwwrp ri wkh ohiw kdqg vlgh ri D07 e| ￿@oE}Ef￿￿ dqg wkh uljkw kdqg
vlgh e| ￿@oE0￿ +uhvshfwlyho|,/ rqh ￿qgv wkdw
￿ nE k ￿kW￿
￿@oEKEf￿￿
￿@oE}Ef￿￿
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76Dojheudlf pdqlsxodwlrq ohdgv wr






























D19 Fxelf Vroxwlrq iurp Lqvwuxphqwdo Yduldeoh
Iroorzlqj wkh wh{w deryh/ wkh txhvwlrq lv zkhwkhu wkh dvvxpswlrqv doorz xv wr slq grzq
wkh eldv1 Vxssrvh lw fdqqrw1 Wkhq wkhuh zrxog h{lvw dowhuqdwlyh ydoxhv kWc￿Wc dqg 0W zlwk
kW 9’ k vr wkdw iru wkh vdph e k dv lq wkh wh{w





Xqghu wkhvh frqglwlrqv qrwh wkdw
t ￿ k
W￿M ’E k ￿ k
W￿￿Mn f
￿￿ n 0
’E k ￿ k
W￿df
￿q n ￿ n bEf




W ’ ￿ nE k ￿ k
W￿Eq n bZ￿
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W ’ 0 nE k ￿ k
W￿E￿ n b￿￿￿







zklfk lv htxlydohqw wr
SJ￿Ef￿Zcf￿￿￿nE k ￿kW￿SJ￿Ef￿ZcEf￿q n bf￿Z￿￿
￿@oEf￿￿￿n2E k ￿ kW￿SJ￿Ef￿￿cEf￿q n bf￿Z￿￿ n Ek ￿ kW￿
2 ￿@oEf￿q n bf￿Z￿
’
SJ￿E￿c0￿nE k ￿ kW￿SJ￿E￿cE￿ n b￿￿￿
￿@oE0￿n2E k ￿ kW￿SJ￿E0cE￿ n b￿￿ ￿nE k ￿ kW￿
2 ￿@oE￿ n b￿￿
￿









￿ nE k ￿ kW￿
SJ￿Ef￿ZcEf￿qnbf￿Z￿￿
￿@oEf￿￿￿
￿n2E k ￿ kW￿
SJ￿Ef￿￿cEf￿qnbf￿Z￿￿




￿ nE k ￿ kW￿
SJ￿E￿cE￿nb￿￿￿
￿@oE0￿
￿n2E k ￿ kW￿
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Rqh vroxwlrq wr wklv fxelf lv wkh wuxh k +l1h1 k ’ kW￿1 Ghshqglqj rq zkhwkhu wkh vroxwlrq
wr wkh uhpdlqlqj txdgudwlf lv uhdo ru qrw/ wklv ydoxh pd| eh wkh rqo| vroxwlrq ru wkhuh pd|
eh wzr rwkhuv1
D1: Wkhruhp 7= Mxvwli|lqj Frqglwlrq 7
Zh gr qrw irupdoo| mxvwli| Frqglwlrq 7 zlwk odujh vdpsoh wkhru| dv lq wkh suhylrxv vhfwlrq/










zkhuh ‘￿K￿ lv lqghshqghqwo| glvwulexwhg dqg r￿ lv ￿￿_ elqdu| dqg lqghshqghqw ri ‘￿K￿￿ Dv
ehiruh dvvxph wkdw .E‘￿￿’f ￿ Wkhq
. Ef￿￿ m ￿M￿
T@ o Ef￿￿￿
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78Dsshqgl{ E= Vdpsoh Fuhdwlrq dqg Yduldeohv Xvhg
E14 Ghvfulswlrq ri doo yduldeohv xvhg
Wkh yduldeohv xvhg lq wkh hpslulfdo dqdo|vhv fdq eh fodvvl￿hg lqwr vhyhudo fdwhjrulhv= ghpr0
judsklfv/ idplo| edfnjurxqg/ jhrjudsk|/ hljkwk judgh whvw vfruhv/ hljkwk judgh shuirupdqfh
lq vfkrro/ dqg rxwfrphv1 Zh ghvfuleh hdfk ri wkhvh lq wxuq/ zlwk QHOV=;; yduldeohv xvhg
lq wkh fuhdwlrq ri rxu phdvxuhv vkrzq lq lwdolfv1
Ghprjudsklf Yduldeohv=
Wkhvh lqfoxgh lqglfdwruv iru ihpdoh/ dvldq/ klvsdqlf/ eodfn/ dqg zkhwkhu fdwkrolf/ zklfk lv
fuhdwhg iurp sduhqwdo uhvsrqvhv uhjduglqj uholjlrq +e|s5<,1
Vfkrro Vhfwru=
Hljkwk Judgh Vhfwru +j;fwuo4,
Kljk Vfkrro Vhfwru +￿M￿ +j43fwuo4,
Idplo| Edfnjurxqg Phdvxuhv=
Krxvhkrog frpsrvlwlrq= Vhsdudwh 304 lqglfdwruv iru zkhwkhu wkh vwxghqw olyhv zlwk klv2khu
prwkhu dqg idwkhu/ prwkhu dqg pdoh jxdugldq/ idwkhu dqg ihpdoh jxdugldq/ prwkhu rqo|/ ru
idwkhu rqo|1 H{foxghg fdwhjru| lv ￿rwkhu uhodwlyh ru qrq0uhodwlyh￿1 Fuhdwhg iurp e|ifrps1
Sduhqwv* pdulwdo vwdwxv= Vhsdudwh 304 lqglfdwruv iru glyrufhg/ zlgrzhg/ vhsdudwhg/ qhyhu
pduulhg/ dqg qrw pduulhg exw olylqj lq d pduuldjh0olnh uhodwlrqvkls1 Wkh h{foxghg fdwhjru|
lv pduulhg1 Fuhdwhg iurp e|sdupdu1
Prwkhu*v dqg idwkhu*v hgxfdwlrq= Frqwlqxrxv yduldeohv udqjlqj iurp ;04; |hduv fuhdwhg
iurp sduhqwdo txhvwlrqqdluhv +e|s63 dqg e|s64,1 Li wkhvh yduldeohv duh plvvlqj/ vwxghqw
uhvsrqvhv iurp e|v67d dqg e|v67e duh xvhg1
Orj idplo| lqfrph= Frqwlqxrxv yduldeoh fuhdwhg xvlqj wkh plgsrlqwv ri wkh udqjhv ri wkh
fdwhjrulfdo yduldeoh e|idplqf1
Plvvlqj ydoxh wuhdwphqw= Doo idplo| edfnjurxqg yduldeohv duh vhw htxdo wr wkh vdpsoh phdq
zkhq plvvlqj/ dqg qhz 304 lqglfdwruv iru plvvlqj ydoxhv duh fuhdwhg iru hdfk ri wkh ruljlqdo
yduldeohv1
Jhrjudsklf Yduldeohv=
Uhjlrq dqg Xuedqlflw|= Wkhvh duh 304 lqglfdwru yduldeohv wdnhq iurp wkh xuedqlflw| dqg uh0
jlrq frqwurov iru wkh ;wk judgh vfkrro wkh vwxghqw dwwhqghg/ yduldeohv j;xuedq dqg j;uhjlrq1
Wkhuh duh d wrwdo ri 6 xuedqlflw| dqg ; uhjlrq fdwhjrulhv1
Glvwdqfh Phdvxuhv= 9 fdwhjrulhv ri glvwdqfh iurp wkh vwxghqw wr wkh qhduhvw fdwkrolf kljk
vfkrro/ udqjlqj iurp 304 ploh/ 406/ 609/ 9043/ 43053/ dqg ryhu 531 Vwxghqw*v uhvlghqfh zdv
wdnhq dv wkh fhqwhu ri wkh ;wk judgh vfkrro*v }ls frgh1 Wkh }ls frgh zdv ghwhuplqhg e|
pdwfklqj rq }lsfrgh srsxodwlrq lq QHOV zlwk wkh Fhqvxv ri Srsxodwlrq dqg Krxvlqj }ls
frgh ohyho gdwd1 Kljk vfkrro orfdwlrqv zhuh dvvljqhg wkh fhqwhu ri wkh }ls frgh dv uhsruwhg
lq Jdqoh|*v Fdwkrolf Vfkrrov lq Dphulfd/ 4<;; hglwlrq1 Zh rewdlq wkh plqlpxp glvwdqfh
iru hdfk vwxghqw e| ￿uvw frpsxwlqj glvwdqfh wr doo ri wkh Fdwkrolf vfkrrov xvlqj d surjudp
iurp wkh Qdwlrqdo Rfhdqlf dqg Dwprvskhulf Dgplqlvwudwlrq1
Hljkwk Judgh Whvw Vfruh Phdvxuhv=
Doo whvw vfruhv zhuh wdnhq iurp QHOV vwdqgdugl}hg ydoxhv iurp Lwhp Uhvsrqvh Wkhru|
vfdohg vfruhv￿e|5{uvwg/ e|5{pvwg/ e|5{vvwg/ dqg e|5{kvwg1
Hljkwk Judgh Shuirupdqfh0lq0Vfkrro Phdvxuhv=
Gholqtxhqf| Lqgh{= Fuhdwhg iurp vwxghqw vhoi0uhsruwv ri zkhwkhu vhqw wr wkh r!fh iru
plvehkdylru +e|v88d, ru sduhqwv frqwdfwhg ehfdxvh ri d ehkdylru sureohp +e|v88h,1 Wklv
yduldeoh udqjhv lq ydoxh iurp 3071
Vwxghqw jrw lq d ￿jkw= Fuhdwhg iurp vwxghqw vhoi0uhsruwhg yduldeoh e|v88i/ wklv yduldeoh
udqjhv iurp 3 +￿qhyhu￿, wr 5 +￿pruh wkdq wzlfh lq wkh sdvw vhphvwhu￿,1
79Vwxghqw shuirupv ehorz delolw|= 304 lqglfdwru yduldeoh wdnhq iurp whdfkhu vxuyh|v +e|w4b5
dqg e|w7b5,1
Vwxghqw uduho| frpsohwhv krphzrun= 304 lqglfdwru yduldeoh wdnhq iurp whdfkhu vxuyh|v
+e|w4b6 dqg e|w7b6,1
Vwxghqw iuhtxhqwo| devhqw= 304 lqglfdwru yduldeoh wdnhq iurp whdfkhu vxuyh|v +e|w4b7 dqg
e|w7b7,1
Vwxghqw iuhtxhqwo| wdug|= 304 lqglfdwru yduldeoh wdnhq iurp whdfkhu vxuyh|v +e|w4b8 dqg
e|w7b8,1
Vwxghqw lqdwwhqwlyh lq fodvv= 304 lqglfdwru yduldeoh wdnhq iurp whdfkhu vxuyh|v +e|w4b9 dqg
e|w7b9,1
Vwxghqw iuhtxhqwo| glvuxswlyh lq fodvv= 304 lqglfdwru yduldeoh wdnhq iurp whdfkhu vxuyh|v
+e|w4b; dqg e|w7b;,1
Wurxeoh0Pdnhu= 304 lqglfdwru yduldeoh fuhdwhg iurp e|v89h/ dqg frghg dv 4 li wkh vwxghqw
uhsruw lqglfdwhv wkdw rwkhu vwxghqwv vhh wkh uhvsrqghqw dv d ￿yhu| elj￿ wurxeoh0pdnhu1
Ehkdylru sureohp= 304 lqglfdwru yduldeoh fuhdwhg iurp e|s83/ uhjduglqj zkhwkhu wkh sduhqw
frqvlghuv wkhlu fklog wr kdyh d ehkdylru sureohp lq vfkrro1
Sduhqwv Frqwdfwhg Derxw Ehkdylru= Fuhdwhg iurp e|s8:h/ wklv yduldeoh fruuhvsrqgv wr
krz riwhq sduhqwv uhsruw ehlqj frqwdfwhg derxw ehkdylru sureohpv lq wkh sdvw vfkrro |hdu/
udqjlqj iurp 3 +￿qhyhu￿, wr 6 +￿pruh wkdq irxu wlphv￿,1
Olplwhg Hqjolvk Sur￿flhqf| Frpsrvlwh= 304 lqglfdwru yduldeoh e|ohs/ d QHOV frpsrvlwh
yduldeoh fuhdwhg iurp vwxghqw dqg whdfkhu uhsruwv1
Uhshdwhg Judgh= 304 lqglfdwru ri zkhwkhu d vwxghqw uhshdwhg dq| judgh 70;/ wdnhq dv wkh
pd{lpxp ri wkh vwxghqw +e|v:7h0e|v:7l, dqg sduhqw +e|s79h0e|s79l, uhsruwv1
Judgh wurxeoh lqgh{= Fuhdwhg iurp vwxghqw vhoi0uhsruwv ri zkhwkhu vhqw wr wkh r!fh iru
judgh sureohpv +e|v88e, ru sduhqwv frqwdfwhg ehfdxvh ri d judgh sureohp +e|v88g,1 Wklv
yduldeoh udqjhv lq ydoxh iurp 3071
Ulvn lqgh{= Wdnhq iurp QHOV frpsrvlwh yduldeoh e|ulvn/ udqjlqj iurp 3091 Wklv yduldeoh
zdv frqvwuxfwhg xvlqj QHOV frglqj/ iurp wkh iroorzlqj 9 txhvwlrqqdluh yduldeohv= e|ifrps/
e|sduhg/ e|s9/ e|v74/ e|ohs/ dqg e|idplqf1
Judgh Lqgh{= Wdnhq iurp QHOV yduldeoh e|judgv/ udqjlqj iurp 3071
Xqsuhsduhgqhvv Lqgh{= Wdnhq iurp vwxghqw vhoi0uhsruwv uhjduglqj krz riwhq wkh uhvsrqghqw
frphv wr fodvv zlwkrxw shqflo ru sdshu +e|v:;d,/ errnv +e|v:;e,/ dqg krphzrun +e|v:;f,/
hdfk ri zklfk udqjh iurp 4 +xvxdoo|, wr 7 +qhyhu,1 Wkhvh yduldeohv duh vxpphg vr wkdw wkh
lqgh{ udqjhv iurp 6 wr 451
Jliwhg= 304 lqglfdwru ri zkhwkhu sduhqw uhsruwhg vwxghqw wr eh fxuuhqwo| hquroohg lq d
jliwhg2wdohqwhg surjudp +e|s84,1
Rxwfrph Phdvxuhv=
Whvw Vfruhv= Doo 43wk dqg 45wk judgh whvw vfruhv zhuh wdnhq iurp QHOV vwdqgdugl}hg ydoxhv
iurp Lwhp Uhvsrqvh Wkhru| vfdohg vfruhv￿i45{uvwg/ i45{pvwg/ i55{uvwg/ dqg i55{pvwg1
Kljk Vfkrro Judgxdwlrq= 304 lqglfdwru iru zkhwkhu uhfhlyhg kljk vfkrro glsorpd dv ri wkh
wklug iroorz0xs/ frghg htxdo wr rqh li kvvwdw@41
Froohjh Dwwhqgdqfh= 304 lqglfdwru iru zkhwkhu hquroohg lq d 70|hdu froohjh dv ri Dsulo 4<<7/
frghg htxdo wr rqh li wklug iroorz0xs yduldeoh hquo37<7@48 ru 491
7:E15 Vdpsoh Fuhdwlrq
Wkh ￿qdo vl}hv iru wkh wkuhh vdpsohv xvhg zhuh 44/5:; iru wkh srrohg +Fdwkrolf dqg sxeolf
;wk judgh, vdpsoh/ <:6 iru Fdwkrolf ;wk judghuv rqo|/ dqg ;77 iru wkh xuedq plqrulwlhv/
dowkrxjk vdpsoh vl}hv lq wkh hpslulfdo zrun zloo gl￿hu voljkwo| gxh wr qrquhvsrqvh lq wkh
rxwfrph phdvxuhv1 Revhuydwlrqv zhuh h{foxghg iru rqh ri vhyhudo uhdvrqv= wkh ;wk ru 43wk
judgh vfkrro vhfwru frxog qrw eh ghwhuplqhg wr eh hlwkhu sxeolf ru Fdwkrolf/ ru rqh ru
pruh ri wkh suhylrxvo| ghvfulehg ghprjudsklf yduldeohv/ orfdwlrq yduldeohv/ hljkwk judgh
whvw vfruhv/ ru hljkwk judgh shuirupdqfh0lq0vfkrro phdvxuhv zhuh plvvlqj1 Dwwulwlrq udwhv
edvhg rq wkhvh jurxqgv duh suhvhqwhg ehorz iru hdfk ri wkh wkuhh vdpsohv1 Wkh vdpsoh
vl}hv jlyhq lq wdeohv 6044 uh hfw dgglwlrqdo revhuydwlrqv orvw gxh wr plvvlqj gdwd rq wkh
sduwlfxodu ghshqghqw yduldeoh xvhg1
7;Vdpsoh Dwwulwlrq lq QHOV=;;
Uhdvrq iru H{foxghg Revhuydwlrqv Uhpdlqlqj Vdpsoh Vl}h
Ixoo QHOV=;; Fdwk1 ;wk Judgh Xuedq Plqrulw|
Qr h{foxghg fdvhv 5:/;38 5/935 5/<<<
Vwxghqw dwwhqghg d qrq0Fdwkrolf 58/566 5/935 5/;<8
sulydwh ;wk Judgh
;wk judgh vfkrro w|sh plvvlqj 54/9:7 5/935 5/;58
Vwxghqw h{foxghg iurp 5qg 49/793 4/749 4/97;
iroorzxs vdpsoh
Vwxghqw lq 5qg iroorzxs vdpsoh 49/49; 4/6<; 4/8:7
exw qrw lqwhuylhzhg
Vwxghqw dwwhqghg d qrq0Fdwkrolf 49/463 4/6<6 4/8:4
sulydwh 43wk judgh
43wk judgh vfkrro w|sh plvvlqj 48/;85 4/6;; 4/83:
Plvvlqj orfdwlrq ru ghprjudsklf 47/69: 4/4:7 4/65:
yduldeohv
Plvvlqj ;wk judgh whvw vfruhv 46/97; 4/479 4/4<8
Plvvlqj ;wk judgh shuirupdqfh0 44/5:; <:6 ;77
lq0vfkrro yduldeohv
7<: Uhihuhqfhv
Doh{dqghu/ Nduo O1/ dqg Ddurq P1 Sdoodv/ ￿Vfkrro Vhfwru dqg Frjqlwlyh Shuirupdqfh=
Zkhq lv d Olwwoh d Olwwoh￿ Vrflrorj| ri Hgxfdwlrq/ OYLLL +4<;8,/ 448045;1
Dowrqml/ Mrvhsk/ ￿Wkh H￿hfwv ri Idplo| Edfnjurxqg dqg Vfkrro Fkdudfwhulvwlfv rq Hg0
xfdwlrq dqg Oderu Pdunhw Rxwfrphv/￿ xqsxeolvkhg pdqxvfulsw/ Qruwkzhvwhuq Xql0
yhuvlw|/ 4<;;1
Dowrqml/ Mrvhsk/ Wrgg Hoghu/ dqg Fkulvwrskhu Wdehu/ ￿Wkh H￿hfwlyhqhvv ri Fdwkrolf
Vfkrro/￿ xqghu uhylvlrq/ Qruwkzhvwhuq Xqlyhuvlw|/ 4<<<1
Dqjulvw dqg Hydqv/ ￿Fkloguhq dqg wkhlu Sduhqw*v Oderu Vxsso|= Hylghqfh iurp H{rjhqrxv
Yduldwlrq lq Idplo| Vl}h￿ Dphulfdq Hfrqrplf Uhylhz/ ;; +4<;;,/ 78307::1
Eu|n/ Dqwkrq| V1/ Ydohulh H1 Ohh/ dqg Shwhu E1 Kroodqg/ Fdwkrolf vfkrrov dqg wkh Frpprq
Jrrg/ Fdpeulgjh/ Pdvv1 = Kduydug Xqlyhuvlw| Suhvv/ 4<<61
Eurqduv/ Vwhskhq J1 / dqg Mh￿ Jurjjhu/ ￿Wkh Hfrqrplf Frqvhtxhqfhv ri Xqzhg Prwkhu0
krrg= Xvlqj Wzlqv dv d Qdwxudo H{shulphqw/￿ Dphulfdq Hfrqrplf Uhylhz ;3+4<<7,/
44740891
Fdphurq/ Vwhskhq Y1 dqg Khfnpdq/ Mdphv M1/ ￿Olih F|foh Vfkrrolqj dqg G|qdplf Vh0
ohfwlrq Eldv= Prghov dqg Hylghqfh iru Ilyh Frkruwv ri Dphulfdq Pdohv/￿ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ 439+4<<;,/ 59506661
Fkxee/ Mrkq H1/ dqg Whuu| P1 Prh/ Srolwlfv/ Pdunhwv/ dqg Dphulfd*v Vfkrrov +Zdvklqj0
wrq/ G1F1= Wkh Eurrnlqjv Lqvwlwxwlrq/ 4<<3,1
Frohpdq/ Mdphv V1/ Wkrpdv Kr￿hu/ dqg Vdoo| Nlojruh/ Kljk Vfkrro Dfklhyhphqw= Sxeolf/
Fdwkrolf/ dqg Sulydwh Vfkrrov Frpsduhg +Qhz \run/ Q\= Edvlf Errnv/ Lqf1/ 4<;5,1
Frohpdq/ Mdphv V1/ dqg Wkrpdv Kr￿hu/ Sxeolf dqg Sulydwh Vfkrrov= Wkh Lpsdfw ri Frp0
pxqlwlhv +Qhz \run/ Q\= Edvlf Errnv/ Lqf1/ 4<;:,1
Frrnvrq/ Shwhu Z1/ Mu1/ ￿Dvvhvvlqj Sulydwh Vfkrro H￿hfwv= Lpsolfdwlrqv iru Vfkrro Fkrlfh/￿
lq Hglwk Udvhoo dqg Ulfkdug Urwkvwhlq/ hgv1/ Vfkrro Fkrlfh= H{dplqlqj wkh Hylghqfh
+Zdvklqjwrq/ G1F1= Hfrqrplf Srolf| Lqvwlwxwh/ 4<<6,1
Fxuulh/ Mdqhw/ dqg Wkrpdv Gxqfdq/ ￿Grhv Khdg Vwduw Pdnh d Gl￿huhqfhB￿ Dphulfdq
Hfrqrplf Uhylhz/ ;8 +4<<3,/ 6740971
Hqjhq/ Hulf/ Zlooldp Jdoh/ dqg Mrkq Nduo Vkro}/ ￿Wkh Looxvru| H￿hfwv ri Vdylqj Lqfhqwlyhv
rq Vdylqj/￿ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 43 +4<<9,/ 446046;1
Hydqv/ Zlooldp Q1/ dqg Urehuw P1 Vfkzde/ ￿Ilqlvklqj Kljk Vfkrro dqg Vwduwlqj Fro0
ohjh= Gr Fdwkrolf Vfkrrov Pdnh d Gl￿huhqfhB￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443
+4<<8,/ <7:0<:71
Iljolr/ Gdylg Q1/ dqg Mrh D1 Vwrqh/ ￿Duh Sulydwh Vfkrrov Uhdoo| EhwwhuB/￿ iruwkfrplqj
Uhvhdufk lq Oderxu Hfrqrplfv/ +5333,1
Jrogehujhu/ Duwkxu V1/ dqg Johq F1 Fdlq/ ￿Wkh Fdxvdo Dqdo|vlv ri Frjqlwlyh Rxwfrphv lq
wkh Frohpdq/ Kr￿hu dqg Nlojruh Uhsruw/￿ Vrflrorj| ri Hgxfdwlrq/ OY +4<;5,/ 43604551
Jurjjhu/ Mh￿/ dqg Ghuhn Qhdo/ ￿Ixuwkhu Hylghqfh rq wkh H￿hfwv ri Fdwkrolf Vhfrqgdu|
Vfkrrolqj/￿ iruwkfrplqj Eurrnlqjv Zkduwrq Sdshuv rq Xuedq D￿dluv/ +5333,1
Khfnpdq/ Mdphv 1M1/ ￿Ydulhwlhv ri Vhohfwlrq Eldv/￿ Dphulfdq Hfrqrplf Uhylhz/ ;3+4<<3,1
83Khfnpdq/ M1/ dqg Uree/ U1/ ￿Dowhuqdwlyh Phwkrgv iru Hydoxdwlqj wkh Lpsdfw ri Lqwhu0
yhqwlrqv/￿ lq M1 Khfnpdq dqg E1 Vlqjhu hgv1/Orqjlwxglqdo Dqdo|vlv ri Oderu Pdunhw
Gdwd1 Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<;8
Lpehqv/ J1/ dqg Dqjulvw/ M1/ ￿Lghqwl￿fdwlrq dqg Hvwlpdwlrq ri Orfdo Dyhudjh Wuhdwphqw
H￿hfwv/￿ Hfrqrphwulfd/ 95 +4<<7,/ 79:0:81
Mdfrevhq/ Mr|fh S1/ Mdphv Z1 Shdufh LLL/ dqg Mrvkxd O1 Urvhqeorrp/ ￿Wkh H￿hfw ri
Fklogehdulqj rq Pduulhg Zrphq*v Oderu Vxsso| dqg Hduqlqjv/￿ Mrxuqdo ri Kxpdq
Uhvrxufhv 67+6,/ Vxpphu 4<<</ ss1 77<07:71
Mhsvhq/ Fkulvwrskhu/ ￿Wkh H￿hfwlyhqhvv ri Fdwkrolf Sulpdu| Vfkrrov/ ￿ xqsxeolvkhg pdqxvfulsw/
Qruwkzhvwhuq Xqlyhuvlw|/ 53331
Oxgzlj/ Mhqv/ ￿Hgxfdwlrqdo Dfklhyhphqw lq Sxeolf/ Sulydwh/ dqg Fdwkrolf Vfkrrov= Qhz
Hylghqfh rq Zkdw Zh Nqrz +dqg Grq*w Nqrz,/￿ zrunlqj sdshu/ Jhrujhwrzq Xql0
yhuvlw|/ 4<<:1
Pdqvnl/ F1/ ￿Dqdwrp| ri wkh Vhohfwlrq Sureohp/￿ Mrxuqdo ri Kxpdq Uhvrxufhv/ 57 +4<;<,/
67606931
Pdqvnl/ F1/ ￿Wkh Vhohfwlrq Sureohp/￿ lq F1 Vlpv +hg, Dgydqfhv lq Hfrqrphwulfv= Vl{wk
Zruog Frqjuhvv/ +Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<7,1
Pxuqdqh/ Ulfkdug M1/ ￿D Uhylhz Hvvd|￿Frpsdulvrqv ri Sxeolf dqg Sulydwh Vfkrrov=
Ohvvrqv iurp wkh Xsurdu/￿ Mrxuqdo ri Kxpdq Uhvrxufhv 4< +4<;7,/ 596￿::1
Pxusk|/ Nhylq P1/ dqg Urehuw K1 Wrsho/ ￿H!flhqf| Zdjhv Uhfrqvlghuhg= Wkhru| dqg
Hylghqfh/￿ lq \1 Zhlvv dqg U1 Wrsho hgv1/ Dgydqfhv lq wkh Wkhru| dqg Phdvxuhphqw
ri Xqhpsor|phqw1 Qhz \run/ Vw1 Pduwlq*v Suhvv/ 4<<3/ 5370731
Qhdo/ Ghuhn/ ￿Wkh H￿hfwv ri Fdwkrolf Vhfrqgdu| Vfkrrolqj rq Hgxfdwlrqdo Dwwdlqphqw/￿
Mrxuqdo ri Oderu Hfrqrplfv 48 +4<<:,/ <;04561
Qhdo/ Ghuhn/ ￿Zkdw Kdyh Zh Ohduqhg Derxw wkh Ehqh￿wv ri Sulydwh VfkrrolqjB￿ Hfr0
qrplf Srolf| Uhylhz/ Yro1 7/ +4<<;,/ :<0;91
Qrhoo/ M1/ ￿Sxeolf dqg Fdwkrolf Vfkrrov= D Uhdqdo|vlv ri Sxeolf dqg Sulydwh Vfkrrov/￿
Vrflrorj| ri Hgxfdwlrq 88 +4<;5,/ 4560651
Srwhued/ Mdphv/ Vwhyhq Yhqwl/ dqg Gdylg Zlvh/ ￿Wdujhwhg Uhwluhphqw Vdylqj dqg wkh Qhw
Zruwk ri Hoghuo| Dphulfdqv/￿ Dphulfdq Hfrqrplf Uhylhz/ ;7 +4<<7,/ 4;304;81
Urvhqedxp/ Sdxo U1/ Revhuydwlrqdo Vwxglhv/ Vsulqjhu0Yhuodj/ Qhz \run/ +4<<8,1
W|ohu/ Euldq V1/ ￿Dq Dqdo|vlv ri Sxeolf dqg Fdwkrolf Vhfrqgdu| Hgxfdwlrq dqg wkh Hduq0
lqjv ri Phq/￿ Xqlyhuvlw| ri Fklfdjr Sk1G1 Wkhvlv +4<<7,1
Xgu|/ Fkulvwrskhu/ ￿Jhqghu/ Djulfxowxudo Surgxfwlrq/ dqg wkh Wkhru| ri wkh Krxvhkrog￿/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437 +4<<9,/ 4343043791
Zklwh/ Kdoehuw/ Dv|pswrwlf Wkhru| iru Hfrqrphwulfldqv/ Dfdghplf Suhvv/ Lqf1 +4<;7,1
Zlwwh/ Mrkq I1/ ￿Sulydwh Vfkrro Yhuvxv Sxeolf Vfkrro Dfklhyhphqw= Duh Wkhuh Ilqglqjv
Wkdw Vkrxog D￿hfw wkh Hgxfdwlrqdo Fkrlfh Ghedwh/￿ Hfrqrplfv ri Hgxfdwlrq Uhylhz/
[L +4<<5,/ 6:406<71
84Table 1
Comparison of Means of Key Variables by Sector
Catholic 8th Grade
Variable Public 10th Cath 10th Difference Public 10th Cath 10th Difference
Demographics (N=11,167) (N=672) (N=366) (N=640)
FEMALE  0.52 0.45 -0.07 0.61 0.50 -0.11
ASIAN  0.03 0.04 0.01 0.05 0.05 0.00
HISPANIC  0.09 0.09 0.00 0.08 0.09 0.01
BLACK  0.10 0.09 -0.01 0.07 0.11 0.04
WHITE  0.78 0.78 0.00 0.80 0.74 -0.06
Family Background
MOTHER'S EDUCATION IN YEARS 13.21 13.96 0.75 13.34 13.88 0.54
FATHER'S EDUCATION IN YEARS 13.49 14.51 1.01 13.39 14.38 0.99
LOG OF FAMILY INCOME 10.23 10.72 0.49 10.47 10.66 0.19
MOTHER ONLY IN HOUSE 0.14 0.09 -0.05 0.07 0.09 0.02
PARENT MARRIED 0.79 0.89 0.10 0.90 0.88 -0.02
PARENTS CATHOLIC 0.28 0.82 0.54 0.84 0.84 0.00
Geography
RURAL 0.36 0.03 -0.33 0.13 0.01 -0.12
SUBURBAN 0.45 0.51 0.06 0.40 0.48 0.08
URBAN 0.19 0.46 0.27 0.47 0.51 0.04
DISTANCE TO CLOSEST CATHOLIC HS, MILES 22.16 2.97 -19.19 6.91 2.37 -4.53
Expectations
1
SCHOOLING EXPECTATIONS IN YEARS 15.25 15.97 0.72 15.52 15.92 0.40
VERY SURE TO GRADUATE HS 0.84 0.89 0.05 0.84 0.90 0.06
PARENTS EXPECT AT LEAST SOME COLLEGE 0.89 0.98 0.09 0.94 0.98 0.04
PARENTS EXPECT AT LEAST COLLEGE GRAD 0.79 0.92 0.13 0.88 0.91 0.03
STUDENT EXPECTS WHITE-COLLAR JOB 0.47 0.61 0.14 0.55 0.59 0.04
8th Grade Variables
DELINQUENCY INDEX, RANGE FROM 0 TO 4 0.64 0.53 -0.11 0.54 0.46 -0.08
STUDENT GOT INTO FIGHT 0.24 0.23 -0.02 0.20 0.19 -0.01
STUDENT RARELY COMPLETES HOMEWORK 0.19 0.08 -0.11 0.08 0.06 -0.01
STUDENT FREQUENTLY DISRUPTIVE 0.12 0.08 -0.05 0.08 0.08 0.00
STUDENT REPEATED GRADE 4-8 0.06 0.02 -0.05 0.03 0.02 -0.01
RISK INDEX, RANGE FROM 0 TO 4 0.69 0.35 -0.34 0.39 0.39 0.00
GRADES COMPOSITE 2.94 3.16 0.22 3.09 3.20 0.11
UNPREPAREDNESS INDEX, FROM 0 TO 25 10.77 11.08 0.31 10.84 11.02 0.17
8TH GRADE READING SCORE 51.19 55.05 3.86 54.12 55.59 1.47
8TH GRADE MATHEMATICS SCORE 51.13 54.57 3.44 52.89 53.98 1.09
Outcomes
10TH GRADE READING STANDARDIZED SCORE 51.02 54.69 3.66 54.63 54.62 -0.01
10TH GRADE MATH STANDARDIZED SCORE 51.12 55.03 3.91 53.40 54.52 1.12
12TH GRADE READING STANDARDIZED SCORE 51.20 54.60 3.40 53.25 54.70 1.45
12TH GRADE MATH STANDARDIZED SCORE 51.20 55.54 4.34 53.13 55.63 2.49
ENROLLED IN 4 YEAR COLLEGE IN 1994 0.29 0.59 0.31 0.39 0.62 0.23
HS GRADUATE 0.85 0.97 0.12 0.90 0.98 0.08
Notes:
(1) The Expectations variables are not included in our empirical models
Full SampleTable 2
Comparison of Means of Key Variables by Sector, NELS:88 Urban Minority Subsample
Catholic 8th Grade
Variable Public 10th Cath 10th Difference Public 10th Cath 10th Difference
Demographics (N=700) (N=56) (N=15) (N=54)
FEMALE  0.57 0.57 0.00 0.60 0.61 0.01
ASIAN  0.00 0.00 0.00 0.00 0.00 0.00
HISPANIC  0.44 0.49 0.05 0.34 0.45 0.11
BLACK  0.56 0.51 -0.05 0.66 0.55 -0.11
WHITE  0.00 0.00 0.00 0.00 0.00 0.00
Family Background
MOTHER'S EDUCATION, IN YEARS 12.61 13.27 0.66 13.58 13.21 -0.37
FATHER'S EDUCATION, IN YEARS 12.64 14.33 1.69 12.66 14.36 1.70
LOG OF FAMILY INCOME 9.62 10.45 0.83 10.16 10.38 0.22
MOTHER ONLY IN HOUSE 0.29 0.27 -0.02 0.29 0.23 -0.06
PARENT MARRIED 0.57 0.74 0.18 0.71 0.79 0.08
PARENTS CATHOLIC 0.39 0.58 0.19 0.39 0.55 0.16
Geography
RURAL 0.00 0.00 0.00 0.00 0.00 0.00
SUBURBAN 0.00 0.00 0.00 0.00 0.00 0.00
URBAN 1.00 1.00 0.00 1.00 1.00 0.00
DISTANCE TO CLOSEST CATHOLIC HS, MILES 6.04 1.90 -4.14 1.90 2.01 0.11
Expectations
1
SCHOOLING EXPECTATIONS, IN YEARS 15.27 16.10 0.83 16.48 16.05 -0.43
VERY SURE TO GRADUATE HS 0.80 0.94 0.14 0.88 0.94 0.06
PARENTS EXPECT AT LEAST SOME COLLEGE 0.90 0.99 0.09 0.95 0.99 0.04
PARENTS EXPECT AT LEAST COLLEGE GRAD 0.78 0.86 0.08 0.84 0.85 0.01
STUDENT EXPECTS WHITE-COLLAR JOB 0.53 0.72 0.19 0.50 0.70 0.20
8th Grade Variables
DELINQUENCY INDEX, RANGE FROM 0 TO 4 0.88 0.63 -0.25 1.22 0.65 -0.57
STUDENT GOT INTO FIGHT 0.34 0.19 -0.15 0.05 0.19 0.15
STUDENT RARELY COMPLETES HOMEWORK 0.25 0.13 -0.12 0.23 0.14 -0.09
STUDENT FREQUENTLY DISRUPTIVE 0.19 0.17 -0.02 0.14 0.17 0.03
STUDENT REPEATED GRADE 4-8 0.11 0.05 -0.06 0.10 0.05 -0.05
RISK INDEX, RANGE FROM 0 TO 4 1.30 0.90 -0.40 1.05 0.91 -0.14
GRADES COMPOSITE 2.78 2.88 0.09 3.01 2.88 -0.13
UNPREPAREDNESS INDEX, FROM 0 TO 25 10.99 11.28 0.29 11.10 11.27 0.17
8TH GRADE READING SCORE 46.76 53.25 6.49 49.99 52.88 2.89
8TH GRADE MATHEMATICS SCORE 45.43 48.71 3.28 48.88 48.61 -0.27
Outcomes
10TH GRADE READING STANDARDIZED SCORE 47.14 51.46 4.32 48.62 50.75 2.13
10TH GRADE MATH STANDARDIZED SCORE 45.80 48.92 3.12 48.16 48.09 -0.07
12TH GRADE READING STANDARDIZED SCORE 47.29 50.78 3.49 52.74 50.17 -2.57
12TH GRADE MATH STANDARDIZED SCORE 46.40 51.71 5.31 51.46 50.92 -0.54
ENROLLED IN 4 YEAR COLLEGE IN 1994 0.23 0.52 0.28 0.28 0.56 0.28
HS GRADUATE 0.78 0.99 0.21 0.89 1.00 0.11
Notes:
(1) The Expectations variables are not included in our empirical models
Full SampleTable 3
OLS, Fixed Effect, and Probit Estimates of Catholic High School Effects8>9
(Huber-White Standard Errors in Parentheses)
[Marginal Effects in Brackets7]
Full Sample Catholic 8th Grade Attendees
Controls
(1) (2) (3) (4) (5) (6)
Fam. BG, (1) plus (2) plus Fam. BG, (1) plus (2) plus
city size, 8th grade other 8th grade city size, 8th grade other 8th grade
and region4. tests measures5 and region4. tests measures5
HS Graduation
Sample Means CH=0: 0.85, CH=1: 0.97 CH=0: 0.90, CH=1: 0.98
Probit 0.57 0.48 0.41 0.88 0.95 1.27
(0.19) (0.22) (0.21) (0.25) (0.27) (0.29)
[0.081] [0.068] [0.052] [0.084] [0.081] [0.088]
OLS 0.041 0.033 0.023 0.081 0.080 0.080
(0.015) (0.015) (0.015) (0.025) (0.024) (0.021)
Fixed Effects6 0.063 0.061 0.066 0.115 0.113 0.102
(0.031) (0.030) (0.026) (0.035) (0.033) (0.027)
College in 1994
Sample Means CH=0: 0.29, CH=1: 0.59 CH=0: 0.39, CH=1: 0.62
Probit 0.37 0.33 0.32 0.48 0.56 0.60
(0.09) (0.09) (0.09) (0.15) (0.15) (0.15)
[0.106] [0.084] [0.074] [0.154] [0.154] [0.149]
OLS 0.135 0.113 0.111 0.159 0.162 0.145
(0.032) (0.028) (0.026) (0.050) (0.044) (0.043)
Fixed Effects6 0.084 0.086 0.097 0.219 0.220 0.207
(0.049) (0.044) (0.043) (0.056) (0.049) (0.048)
Notes:
(1) All models control for race (white/nonwhite), hispanic origin, gender, urbanicity (3 categories), region (8 categories), and distance to the
nearest Catholic high school (5 categories). The family background variables used as controls in the regressions include log family income, mother’s
and father’s education, 5 dummy variables for marital status of the parents, and 8 dummy variables for household composition.
(2) “Other 8th grade measures” include measures of attendance, attitudes toward school, academic track, achievement, and behavioral
problems (from teacher, parent, and student surveys). See Appendix B, “Eighth Grade Performance-in-School Measures”.
(3) Fixed effects models include 807 and 75 dummy variables, respectively, for each 8th grade school represented in the 2 samples.
(4) Marginal effects of probit models are computed as average derivatives of the probability of an outcome with respect to Catholic
high school attendance.
(5) NELS:88 3rd follow-up questionnaire weights used in the computations.
(6) Sample sizes for Full sample: N=8560 (HS Graduation), N=8315 (College Attendance). For Catholic 8th grade sample, N=859 (HS
Graduation), N=834 (College Attendance).Table 4
OLS, and Fixed Effect Estimates of Catholic High School Effects7>8
(Huber-White Standard Errors in Parentheses)
Full Sample Catholic 8th Grade Attendees
Controls
(1) (2) (3) (4) (5) (6)
Fam. BG, (1a) plus (2a) plus Fam. BG, (1b) plus (2b) plus
city size, 8th grade other 8th grade city size, 8th grade other 8th grade
and region.4 tests measures.5 and region.4 tests measures5
10th Grade Reading Score
Sample Means CH=0: 51.02, CH=1: 54.69 CH=0: 54.63, CH=1: 54.62
OLS 1.69 0.17 0.15 -1.07 -1.27 -1.32
(0.62) (0.38) (0.37) (.97) (0.61) (0.59)
Fixed Effects6 -0.63 0.52 0.64 -0.31 -0.60 -0.87
(0.99) (0.72) (0.70) (1.19) (0.76) (0.77)
10th Grade Math Score
Sample Means CH=0: 51.12, CH=1: 55.03 CH=0: 53.40, CH=1: 54.52
OLS 1.31 0.06 0.16 -0.32 -0.16 -0.11
(0.54) (0.47) (0.45) (1.01) (0.51) (0.49)
Fixed Effects6 -0.13 0.17 0.30 -0.32 -0.15 -0.09
(0.93) (0.52) (0.50) (1.21) (0.60) (0.55)
12th Grade Reading Score
Sample Means CH=0: 51.20, CH=1: 54.60 CH=0: 53.25, CH=1: 54.70
OLS 2.08 1.18 1.14 0.17 0.37 0.33
(0.54) (0.38) (0.38) (0.98) (0.63) (0.62)
Fixed Effects6 0.74 1.55 1.64 0.35 0.48 0.27
(1.21) (0.84) (0.81) (1.33) (0.82) (0.79)
12th Grade Math Score
Sample Means CH=0: 51.20, CH=1: 55.54 CH=0: 53.13, CH=1: 55.63
OLS 1.98 1.07 0.92 1.10 1.46 1.14
(0.54) (0.34) (0.32) (1.00) (0.53) (0.46)
Fixed Effects6 0.75 1.07 1.24 1.29 1.66 1.19
(1.09) (0.66) (0.61) (1.29) (0.67) (0.58)
Notes:
(1) All models control for race (white/nonwhite), hispanic origin, gender, urbanicity (3 categories), region (8 categories), and distance to the
nearest Catholic high school (5 categories). The family background variables used as controls in the regressions include log family income, mother’s
and father’s education, 5 dummy variables for marital status of the parents, and 8 dummy variables for household composition.
(2) “Other 8th grade measures” include measures of attendance, attitudes toward school, academic track, achievement, and behavioral problems
(from teacher, parent, and student surveys). See Appendix B, “Eighth Grade Performance-in-School Measures”.
(3) Fixed effects models include a 807 and 75 dummy variables, respectively, for each 8th grade school represented in the 2 samples.
(4) NELS 1st follow-up and 2nd follow-up panel weights used for the 10th and 12th grade models, respectively.
(5) Sample sizes for Full sample: N=10,180 (10th Reading), N=10,166 (10th Math), N=8116 (12th Reading), N=8119 (12th Math). For Catholic
8th Grade sample, N=878 (10th Reading), N=878 (10th Math), N=739 (12th Reading), N=739 (12th Math).Table 5
OLS, Fixed Effect, and Probit Estimates of Catholic High School Effects
by Race and Urban Residence. Full Set of Controls4>6
(Huber-White Standard Errors in Parentheses)
[Marginal Effects in Brackets7]
Sample
(1) (2) (3) (4)
Urban and Suburban Urban and Suburban Urban Urban
White Only Minorities Only White Only Minorities Only
HS Graduate (N=3799) (N=1308) (N=1002) (N=697)
Sample Mean 0.88 0.80 0.88 0.80
Probit 0.443 0.524 1.176 1.592
(0.279) (0.338) (0.417) (0.673)
[0.046] [0.085] [0.091] [0.191]
OLS 0.022 0.058 0.069 0.133
(0.016) (0.040) (0.023) (0.056)
Fixed Effects5 0.062 0.023 0.136 -0.009
(0.031) (0.089) (0.048) (0.107)
College in 1994 (N=3695) (N=1258) (N=981) (N=666)
Sample Mean 0.37 0.26 0.32 0.26
Probit 0.354 0.697 0.506 0.677
(0.107) (0.201) (0.167) (0.303)
[0.087] [0.158] [0.110] [0.144]
OLS 0.115 0.168 0.151 0.146
(0.030) (0.058) (0.044) (0.090)
Fixed Effects5 0.119 0.180 0.160 0.182
(0.052) (0.115) (0.070) (0.158)
Notes:
(1) All models include controls for hispanic origin, gender, region, citysize, distance to the nearest Catholic school (5 categories), family background,
8th grade tests, and other 8th grade measures. (from teacher, parent, and student surveys). See Table 3 notes 1 and 2.
(2) Fixed effects models include a dummy variable for each 8th grade school attended by members of the sample.
(3) NELS:88 third follow-up sampling weights used in the computations.
(4) Marginal effects of probit models are computed as average derivatives of the probability of an outcome with respect to Catholic school attendance.Table 6
OLS, Fixed Effect, and Probit Estimates of Catholic High School Effects
by Race and Urban Residence6. Full Set of Controls4
Weighted, (Huber-White Standard Errors in Parentheses)
[Marginal Effects in Brackets]
Sample
(1) (2) (3) (4)
Urban/Suburban Urban/Suburban Urban Urban
White Only Minorities Only Whites Only Minorities Only
10th Grade Reading Score (N=4637) (N=1386) (N=1194) (N=734)
Sample Mean 52.82 47.78 52.73 47.52
OLS 0.40 -1.38 0.01 -0.92
(0.45) (0.74) (0.60) (1.21)
Fixed Effects 0.24 -3.06 0.49 -2.68
(0.81) (2.07) (0.92) (2.21)
10th Grade Math Score (N=4633) (N=1382) (N=1195) (N=733)
Sample Mean 53.11 46.69 52.67 46.08
OLS 0.56 -1.04 0.16 -0.65
(0.32) (0.83) (0.49) (1.21)
Fixed Effects 0.19 -0.08 0.03 -0.50
(0.51) (1.32) (0.66) (1.86)
12th Grade Reading Score (N=3638) (N=1051) (N=978) (N=561)
Sample Mean 52.94 47.72 53.33 47.61
OLS 1.30 -0.72 1.59 -0.19
(0.44) (0.98) (0.67) (1.39)
Fixed Effects 1.33 -3.05 2.24 -1.86
(1.00) (3.04) (1.15) (2.81)
12th Grade Math Score (N=3638) (N=1053) (N=979) (N=563)
Sample Mean 53.09 47.33 52.90 48.88
OLS 1.07 1.17 1.69 1.25
(0.35) (0.76) (0.52) (1.09)
Fixed Effects 0.81 1.84 1.33 0.37
(0.61) (1.57) (0.86) (2.18)
Notes:
(1) All models include controls for hispanic origin, gender, region, city size, distance to the nearest Catholic school (5 categories), family background,
8th grade tests, and other 8th grade measures. (from teacher, parent, and student surveys). See Table 3 notes 1 and 2.
(2) Fixed effects models include a dummy variable for each 8th grade school attended by members of the sample.
(3) NELS 1st follow-up and 2nd follow-up panel weights used for the 10th and 12th grade models, respectively.Table 7
Sensitivity Analysis: Estimates of Catholic High School Effects Given
Different Assumptions on The Correlation of Disturbances in Bivariate Probit
Models in Subsamples of NELS:885.M o d i ¿ed Control Set6.
(Huber-White Standard Errors in Parentheses) [Marginal Effects in Brackets]
Correlation of Disturbances4
 @3  @3 =4  @3 =5  @3 =6  @3 =7  @3 =8
HS Graduation:
Full Sample 0.459 0.271 0.074 -0.132 -0.349 -0.581
Raw difference=0.12) (0.150) (0.150) (0.150) (0.148) (0.145) (0.140)
[0.058] [0.037] [0.011] [-0.021] [-0.060] [-0.109]
Catholic 8th Graders 1.036 0.869 0.697 0.520 0.335 0.142
(Raw difference=0.08) (0.314) (0.313) (0.310) (0.306) (0.299) (0.290)
[0.078] [0.064] [0.050] [0.038] [0.025] [0.011]
Urban 1.095 0.905 0.706 0.499 0.282 0.053
Minorities (0.526) (0.538) (0.549) (0.560) (0.570) (0.578)
(Raw difference=0.22) [0.176] [0.157] [0.132] [0.101] [0.062] [0.013]
College Attendance:
Full Sample 0.331 0.157 -0.019 -0.196 -0.376 -0.558
(Raw difference=0.31) (0.070) (0.070) (0.070) (0.068) (0.067) (0.064)
[0.084] [0.039] [-0.005] [-0.047] [-0.087] [-0.125]
Catholic 8th Graders 0.505 0.336 0.165 -0.008 -0.184 -0.362
(Raw difference=0.23) (0.121) (0.120) (0.119) (0.117) (0.114) (0.110)
[0.140] [0.093] [0.045] [-0.002] [-0.050] [-0.099]
Urban 0.447 0.269 0.090 -0.091 -0.272 -0.455
Minorities (0.282) (0.282) (0.280) (0.276) (0.269) (0.259)
(Raw difference=0.30) [0.116] [0.062] [0.020] [-0.020] [-0.057] [-0.091]
Notes:
(1) Models estimated as bivariate probits with the correlation between u and% set to the values in column headings.
(2) NELS:88 3rd follow-up sampling weights used in the computations.
(3) Due to computational dif¿culties, several variables were excluded from the control sets in the bivariate probit models: all
dummy variables for household composition, urbanicity and region, indicators for “student rarely completes homework”,
“student performs below ability”, “student inattentive in class”, “parents contacted about behavior”, and a limited-English
pro¿ciency index. Other than these exclusions, the controls are identical to those described in Table 3 notes 1 and 2.Table 8
Sensitivity of Estimates of Catholic Schooling Effects on College Attendance and HS Graduation
to Assumptions about Selection Bias in NELS:88, Catholic 8th Grade Subsample5, Modi¿ed Control Set6
(Huber-White Standard Errors in Parentheses) [Marginal Effects in Brackets]
Model (Estimated as a Bivariate Probit)
FKl @4 + [3
l + xA3,
\l @4 + [3
l . FKl + A3,
Estimation Method 1: > > and  estimated simultaneously as a constrained bivariate probit model:
Model Constraint on  HS Graduation Coef¿cients College Attendance Coef¿cients
e  e  e  e 
(1)  @
fry+[￿>[￿,
ydu+[￿, 0.24 0.59 0.24 0.11
(0.33) (0.16)
[0.07] [0.07]
(2)  @3 0 1.04 0 0.51
(0.31) (0.12)
[0.08] [0.14]
Estimation Method 2: 2-step, with  obtained from a univariate probit,  from a univariate probit on the public 8th grade
subsample. Next,  is computed from a bivariate probit with  ¿xed at this initial value and  ¿xed up to 6 proportionality
factors.7
Model Constraint on  HS Graduation Coef¿cients College Attendance Coef¿cients
e  e  e  e 
(3)  @
fry+[￿>[￿,
ydu+[￿, 0.09 0.94 0.27 0.06
(0.30) (0.10)
[0.09] [0.02]
Estimation Method 3: , , ,a n d estimated from an unrestricted bivariate probit model.
Model Constraint on  HS Graduation Coef¿cients College Attendance Coef¿cients
e  e  e  e 




(1) Estimation performed on a sample of Catholic 8th grade attendees from NELS:88. N=859 for the HS graduation sample, and N=834 for the
college attendance sample.
(2) NELS:88 3rd follow-up sampling weights used in the computations.
(3) Due to computational dif¿culties, several variables were excluded from the control sets in the bivariate probit models. See Table 7, note 3.
(4) The categories of proportionality factors are demographics/family background, test scores, behavioral problems, school attendance and attitudes toward school, grades
and achievement, and distance measures. The coef¿cients and (standard errors) of the proportionality factors for these categories are 0.82 (0.19), 0.87 (0.22), 0.92 (0.03),
1.07 (0.04), 0.59 (0.08), and 0.90 (6.08) respectively, in the high school graduation case. For college attendance, the coef¿cients and (standard errors) are 0.80 (0.01) ,
1.01 (0.04), 0.95 ( 0.15), 0.43 ( 0.17), 1.44 (0.03), and 1.04 (1.59), respectively.Table 9
The Amount of Selection on Unobservables Relative to Selection on Observables
Required to Attribute the Entire Catholic School Effect to Selection Bias8
(Huber-White Standard Errors in Parentheses)
Model: \l @4 + [3
l . FKl + l,> estimated as a probit
Estimates of e  from univariate probit on the Catholic 8th Grade Subsample, with  freely estimated, Full Set of Controls6
Outcome:
e H+[3
le ￿mFKl@4,￿ e H+[3
le ￿mFKl@3,
g Yd u +[3
le ￿,
g Yd u+e , H+l m FKl @4 ,
Fry+￿l> j FKl,
Yd u+ j FKl, e  Implied
H+l m FKl @3 , Ratio
if Cond. 3 Holds
(1) (2) (3) (4) (5) (6)
HS Graduation
(N=859)
e  in col. 1 from public
8th grade sample4 (1) 0.30 1.00 0.30 0.37 1.03 2.78
e  in col. 1 from Cath. (0.31)
8th grade, freely estimated4 (2) 0.20 ... 0.20 0.24 ... 4.29
e  in col. 1 from Cath.
8th grade,  @3 4 (3) 0.24 ... 0.24 0.29 ... 3.55
College Attendance
(N=834)
e  in col. 1 from public
8th grade sample4 (4) 0.42 ... 0.42 0.51 0.67 1.30
(0.16)
e  in col. 1 from Cath.
8th grade, freely estimated4 (5) 0.27 ... 0.27 0.33 ... 2.03
e  in col. 1 from Cath.
8th grade,  @3 4 (6) 0.39 ... 0.39 0.47 ... 1.43
Notes:






in column (1) is estimated using the public school sample. In rows (2) and (5) e 
is estimated using the Catholic school sample, and and in rows (3) and (6) e  is estimated from the catholic school sample under the restriction @3 =
(2) See Table 3 notes 1 and 2 for a description of the controls.
(3) Condition 3 states that the standardized selection on unobservables is equal to the standardized selection on observables.
i.e.
H+￿lmFKl@4,￿H+￿lmFKl@3,






(4) “Implied Ratio” in column 5 is the ratio of standardized selection on unobservables to observables under the hypothesis that
there is no catholic school effect.
(5) NELS:88 3rd follow-up sampling weights used in the computations.Table 10
Selection Bias Estimates Using Differences by FK in Means of the Index of Observables
from the Outcome Equations7
(Huber-White Standard Errors in Parentheses), Full Control Set
Model: \l @ [3
l . FKl + l> estimated by OLS
Estimates of e  taken from the Catholic 8th Grade Subsample with  freely estimated
Outcome:
e H+[3
le ￿mFKl@4,￿ e H+[3
le ￿mFKl@3,
g Yd u +[3
le ￿,
g Yd u+e , H+l m FKl @4 ,
Fry+￿l> j FKl,
Yd u+ j FKl, e  Implied
e  from public. 8th grade sample4 H+l m FKl @3 , Ratio
if (Cond 3) Holds
10th Grade 0.029 28.52 0.83 1.00 -1.32 -1.33
Reading Score (0.56)
(N=888)
10th Grade 0.023 19.71 0.45 0.54 -0.11 -0.20
Math Score (0.45)
(N=878)
12th Grade 0.091 36.00 3.28 3.94 0.33 0.08
Reading Score (0.62)
(N=739)




(1) Estimates formed using the full control set, and e  estimated from the public 8th grade sample.
(2) Condition (3), used in constructing column 3 is that the standardized selection on unobservables is equal to the standardized
selection on observables, i.e.
H+￿lmFKl@4,￿H+￿lmFKl@3,






(3) “Implied Ratio” in column 5 is the ratio of standardized selection on unobservables to observables under the hypothesis that
there is no catholic school effect.
(4) NELS:88 1st follow-up and 2nd follow-up panel weights used for the 10th and 12th grade models, respectively.Table 11
Selection Bias Estimates Using Differences by FK in Means of the Index of Observables
from the Outcome Equations, Urban Minority Subsample5>8
(Huber-White Standard Errors in Parentheses)
Model: \l @4 + [3
l . FKl + l,> estimated as a probit
Estimates of e  taken from the Urban Minority Subsample with  freely estimated
Outcome:
e H+[3
le ￿mFKl@4,￿ e H+[3
le ￿mFKl@3,
g Yd u +[3
le ￿,
g Yd u+e , H+l m FKl @4 ,
Fry+￿l> j FKl,
Yd u+ j FKl, e  Implied
H+l m FKl @3 , Ratio7
if (Cond 3) Holds6
(1) (2) (3) (4) (5) (6)
HS Graduation
(N=698)
e  in col. 1 from public
8th grade UM sample4 (1) 0.56 1.00 0.56 0.67 1.59 2.37
(0.67)
e  in col. 1 from full UM.
sample, freely estimated4 (2) 0.56 ... 0.56 0.68 ... 2.34
e  in col. 1 from full UM
sample,  @3 4 (3) 0.73 ... 0.73 0.88 ... 1.81
College Attendance
(N=698)
e  in col. 1 from public
8th grade UM sample4 (4) 0.72 1.00 0.72 0.87 0.68 0.78
(0.30)
e  in col. 1 from full UM.
sample, freely estimated4 (5) 0.54 ... 0.54 0.65 ... 1.05
e  in col. 1 from full UM
sample, ,  @3 4 (6) 0.58 ... 0.58 0.69 ... 0.99
Notes:






in column (1) is estimated using the public school urban minority sample.
In rows (2) and (5) e  is estimated using the full urban minority sample, and in rows (3) and (6)e  is estimated from the full urban minority sample under
the restriction  @3 =
(2) Full Set of Control Variables.with city size and Black excluded. See Table 3, notes 1 and 2.









(4) “Implied Ratio” in column 6 is column (5)/column (4). It corresponds to the ratio of standardized selection on unobservables to observables that is consistent
with the hypothesis that there is no Catholic school effect.
(5) NELS:88 3rd follow-up sampling weights used in the computations.Table 12
Selection Bias Estimates Using Differences by FK in Means of the Index of Observables
from the Outcome Equations, Urban Minority Subsample5>8
(Huber-White Standard Errors in Parentheses) Full Control Set
Model: \l @ [3
l . FKl + l> estimated by OLS
Estimates of e  Taken from the Urban Minority Subsample
Outcome:
e H+[3
le ￿mFKl@4,￿ e H+[3
le ￿mFKl@3,
g Yd u +[3
le ￿,
g Yd u+e , H+l m FKl @4 ,
Fry+￿l> j FKl,
Yd u+ j FKl, e  Implied
H+l m FKl @3 , Ratio7
if (Cond 3) Holds6
10th Grade 0.097 28.62 2.78 3.34 -0.92 -0.28
Reading Score (1.21)
(N=734)
10th Grade 0.074 19.36 1.44 1.73 -0.65 -0.38
Math Score (1.21)
(N=733)
12th Grade 0.090 30.58 2.76 3.31 -0.19 -0.06
Reading Score (1.39)
(N=733)




(1) Estimates formed using the full control set, and e  estimated from the urban minority public 8th grade sample.
(2) Full Set of Control Variables.with city size and Black excluded. See Table 3, notes 1 and 2.
(3) Condition 3 states that the standardized selection on unobservables is equal to the standardized selection on observables,
i.e. that
H+￿lmFKl@4,￿H+￿lmFKl@3,






(4) “Implied Ratio” in column 6) is column (5)/column (4). It is the ratio of standardized selection on unobservables to observables under the hypothesis that
there is no catholic school effect.
(5) NELS:88 1st follow-up and 2nd follow-up panel weights used for the 10th and 12th grade models, respectively.